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I’ast-T’kesidemt of the Lnstiti tidn of Electrical Engineers. 


[, wild liavo watduHl tlio (lcvclc)|)nuMit of electrical science 
for over fifty years, am every <lay more and more convirieed 
that its great fiilui'i; vill he lhal of su])])l\ing electric light and 
power to rural England ; so (hat In its use, the output of labour 
on the land will he luereasisi as many-fold as has been the ease 
in our factories and workshofis during the last half century. 

T fully believe that when this is realised, and that when the 
supply of eleelrieal energy can be didivered to the farmei’s at 
low cost, it will revolutionise English life and will lie a st(‘p 
towards the great desideratum, i.e., that of siweading our popu- 
lation, n(A\ so crowded into large towns and industrial districts, 
into the surrounding country and thus're-pt'ople the rural England 
of which we are so fond and so proud. 

The author, in this book, has done yeoman's work. After 
a number of yeais of ])ractical farming, eoujdcsl with careful 
investigation and e.vperimenting, he has ]nit together facts and 
figures which will* He of greats value to everyone now working 
on, or ho])ing ti^A^ork on, this great jiroblem of developing rural 
England. He has dealt in detail with most of the uses of elec- 
tricity of which we at the present time* have accurate data, 
and these are ample to inform any intending user of electricity 
on the farm. • 

It must not, however, be supjiosed that the data given in 
this book, prevents us from considering the Aany other methods 
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of utilising electric power, which are npw in the trial stage, 
for we ’have to look to methods of increasing the cropg that Ave 
can obtain from our Janci; by better methods of trejiching and 
aerating the soil, thus to increase the yield of many thousand 
acres of our arable land, up to 4}hat of our Inarket gardens. 

( Again we must not forget that we hojAc by tlie use of electric 
raetliods to secure the fixation of nitrogen from the air and so 
supply the chemical ra&nures which we require to njake our 
soil yiGH its maximum ofcfood value. 


K. E. CKOxMPTON. 


C'kompton Laboratory, 
Thriplands, 
Kensington Court, 
London, W. 



PREFACE. 


Electro-Farming Ls a comparatively new science, consisting 
as it does in the marriage of two separate arts — electricity and 
agricuilture. Since the Great War, the author has devoted his 
entire time and attention to an investigation of the combined 
subjects. It has truly been a most interesting study, so the time 
and energy expended upon it have been well worth while. The 
present bot)k is a record of some of the principal experience 
that has been gained, the more important details of which are 
set owi for the benefit of others, so that they may be able to 
start when' the author left off and so add more quickly to the 
World's knowledge of the subject and thus sooner benefit every- 
one. 

The author has applied his ideas in practice, on his own 
six hundred acre farm, v\here there are now about sixty-seven 
diff<*rf‘nt a|)plioations of electri(*ity — and only two horses are 
employe(f. It has been his endeavour throughout, to operate 
this farm on strictly (*oinmercial lines, whieli include tlie keep- 
ing of ])ro])er audited accounts anti detailed costings. As this 
is the day of s])ecialisation, the farm concentrated on the pro- 
duction of high grade milk, high grade )X)rl^ and high grade 
eggs — the 200 acres of arable land and the rest of the farm was 
sinijdy worked tr) su})))ort tfiese three main specialities. Ex- 
])erimental wortc is carried on quite sei)arately from the farm 
routine work. As a further interestiiig- experiment, since the 
data for the operation of a large farm has been obtained, the 
farm is now^ being sectionalised and each part put into the 
hands of a practical working farmer. Opportunities have hem 
taken from time to time to visit almost all European countries 
to ascertain how and to what extent electricity is employed as 
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an aid to the work on {he farms of otl^'r Nations. This has 
been an interesting experience, to get off the l)eaten track of 
the tourist and to see districts where the ap])earance of a^stranger 
is not an everyday occiirren(*e. It vas noteworthy, that tJie 
stages of electrification in the various regions scr.uned to (l('})end 
largely upon the energy and initiative of the engineer in (diarge 
of the local electricity supply nndcnlaking. Hence in almost 
every locality something different is to be learn(‘d. 

The author would like to take* this opportunity to again 
thank those Farmers, Engineers, aiul Manufac-turers who have 
assisted him in facilitating such visits and also su])])lied hini 
with data and information by correspondcuiee. He would much 
appreciate any data, comments or suggestiows that will further 
the progress of Electro- Farming. Obviously this work do«^s not 
IM'ofess to be (‘omplet(‘ the field is alnwly so great that th(>! 
difficulty lies rather in the decision as to what should be kfft out. 

K. BOHLASE MATTHEWS. 


(tliEATEK FeUMJCRT, 

East Grinstead, 
January, 
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CHAPTER L 


KL RCTR ( )- FAR M 1 N( ^ . 

Decimal Class. G21.3F 
Rle'ctro-farmiiig, or iVic aj)j)lica.tioji of electricity to agri- 
culture, covers a very wide fiedd, tlie greater j)ortio!i of which 
is concerned with eli^-tricity as a means of transmitting power 
rather than the usc' of electricity itself in some s\ich way as a 
high tension discharge over growing crops. Though electricity 
may be Ji])plic‘d in j)lace of some' other form of prime mover, 
there is a gnaxt deal more in the matter than just coupling uj) 
an electric motor by a bedt to a farn\ machine. 

The Engineer and the Farmer, 

Th(‘ author's experience in the course of travelling through 
many eonntries wliile making a speci.al investigation of electro- 
farming is, tliat but one or t w o electrical engineers in each country 
may be s.xid really to understand the sul)je(*t. The usual atti- 
tude is that no spc'cial ex]>ei*ieiiee is required in apjdying elec- 
tricity to agricidturc, and this has caused many farm distribu- 
tion scheme y to be unsucc(‘ssful. The engineer must acquire a 
good working knowledge of farm ])rohlenis. 

It must not be forgottcui that the supplying of electricity 
to farms will not be succc^.sful unless it is also |w*o#itabIe to the 
distributor, hence it is essentiaEthat both the engineer and the 
farmt^r shemld be direcU‘d along right lines by means of suitable 
•educational propaganda. It has l>cen demonstrated ovc'r and 
over again in every industry, that time itsejf can be slu^rt eir- 
cuittHl, b\’ a carefully thought out e(h](*ational eanqiaign. To 
the farme r must be* brought home the great value of the new’ 
force ready to his hand. Tt may be years before he discovers 
a tithe of its possibilities ami it xvill lake a simjlar period of time 
for the supply undertaking to obtain a satisfactory load, hence 
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the Qbvious need is for the central station itself to first find out 
the possibilities of electricity on the farm, and the^jj to inform 
the farmer as to what has been learned, and by mutual co-opera* 
tion put it into practice. • 

The fact is often entirely overlooked that agriculture is a 
very speculative business, and further, the farmer has lost much 
money in trying out new inventions. As he does not properly 
understand mechanical contrivances —especially if they are 
electrical — it is but little wonder that he is a bit chary when 
electrical schemes are propounded to him. 

The Supreme Importance of Agriculture. 

Only recently has it been realised that, if properly handled, 
the total farm and rural demand would be greater than that of 
the present consumption of all urban districts, including the 
industries, in any countr\'. Agriculture is the greatest industry 
. of any nation. Indeed, th<‘ ultimate wealth of any community 
is entirely dey)endent u])ou its success in agrieultun'. The 
individual farmer may be but in a small way of business, but 
in the aggregate, the farmer counts as a very important factor, 
for his total numbers are enormous. In (‘very country, more 
people are employer] in agriculture tlian in any othen' single 
industry. 

In the past with the rapid industrial and commercial expan- 
sion which has taken pla<;e, and the concentration of 'the* commu- 
nity in the large cities and towns, the (questions of electric supply 
and distribution have been directed f)ractically entirely to thes(‘ 
centres, to the great neglect of the countryside, which has been 
left far behinci in the steach^ advance of civilisation. 

The Future. 

€ 

However, the times are changing. A})art from tlu‘ ciuestion 
of farming, there is a tendency nou-a-days to<vards a decentrali- 
sation of industry.^ A return to the rural areas, a return of 
industries, and a return of the people, in other words, rural 
reconstruction. It is only natural that the call of Back to the 
Land,’' should be obeyed. Factories, formerly only possible 
in the towns audacities, are now established in the country dis- 
tricts. Modern civilisation necessitates the supply of electricity 
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-everywhere, in the town find in the country. It is Tirgent there- 
fore that tj;ie energies of supply engineers should \yi* directed 
towards a study of the special problem^ of extra high tension 
transmission and local distribution for the supply of the indus- 
tries in the countryside. 

the Financial Aspect. 

A study of this book will show that the farming load is one, 
the cultivation of which the central station engineer will find 
well W'orth while. On the other hand, electricity is so efficient 
a form of ])ower that no enterprising farmer can afford to. neglect 
a study of the possibilities o]:>ened up by it. Whereas it is a 
mistake to imagine t|iat electricity is the panacea for aU the 
ills from which the agricultural industry suffers, electricity is 
certainly going to be an important factor in its ultimate salva- 
tion. 

A System of Classification,. 

Tri the gcmeral considerati<»n of the a])p]ieations of electricity 
to agriculture in this book, it is proposc^d to follow the practical 
order employed in both the International and l)€‘W’ev systems of 
decimal classification, as this will greatly facilitate reference 
which is perhaps of more importance than an attempt to follow 
what might appear to he a mere lt>gical classification which, 
however, practice indicates is pretty difficult to attain. The 
main heads *of the classification will be gathered from the list 
of the Contents of this book. 

Those who are familiar with the above mentioned classifi- 
cation systems are of course aware that advantage is taken of 
decimal sub-division to divide each main group into^ten divisions 
and then if requirerl to sul:)-divicle each of these divisions into 
ten sub-divisions, and again if necessary further sub-divide these 
sub-divisions into ten parts, and so on, until the required detail 
is attained. For most purpo.ses extremely fine detail of minute 
division is not required. When it is, however, it enables it to 
be classified or filed in such a manner that it can be found easily 
and quickly from among all the World's knowledge. To the 
uninitiated the number of figues required for a fine definition 
may seem somew hat complicated, and the numl»ers in themselves 
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are ungainly and awkward. It must, ha^ever, be borne in mind, 
that these numbers are not really numbers in the ordjnary sensc*^ 
but are a numerical shofthand, a little acquaintance with which 
wonderfully facilitates reference to any particular subject. For 
example, in accordance with the*se systems a milk cooler would 
be classified by the number b37.132.L The analysis of this 


numerical shorthand is as follows - 

t * 


0 

63 


<)37 


637.1 

637.13 

637.132 


037.132. 


Useful arts 

,, ,, Agric lift lire. 

,, ,, ,, llu* Dairy. 

„ .. .. Milk. 

,, Care of Milk. 

,, ,, ,, ,, ,, Dairy Installations. 

1 ,, ,, t. Cooler. 


It will be realised that a decimal classification has a very 
great advantage, for in time new items may be interpolated 
between existing ones without disturbing the general practical 
order in which they were originally arranged. This is not the 
place or time to enter into a complete descri])tion of the system 
as this is only an explanation of the practical basis upon which 
this book is arranged, as after all it is going to lie used by a reader 
as a working tool and not for the purposes of evolving a classifi- 
cation. , 


The Path of the Pioneer. 

The first successful step in tli(* path of the pioneer is to get 
the work in which he is interested recognised by official com- 
mittees. Hcj^ever ponderous and slow moving a committee 
may be, it is a mi^aiis to an end, the end in this case being the 
spreading of the gospel of Electro- Farming. It is therefore 
of interest to note briefly the official marks ^if recognition l)c- 
stowed by various bodies upon this science. In this country, 
engineers have led the way. The 192r> re))ort of the Institution 
of Electrical Engineers’ F^lectricity in Agriculture (.Vunmittee 
was the outcome of a lengthy enquiry, and, since that date the 
same Committee has been responsible for the outlining i>i schemes 
of experimental work which this year may see embarked upon. 
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The British Electrieal Development Association has always 
taken the liveliest interest in the promotion of electro -farming. 
In 1924 tfiis Association decided, in •conj miction with their 
wonderful •domestic and general electric exhibit at Wembley, 
to also hav(^ a separate Electro-Farming exhibit, and this section 
of the work was arranged and carried out by the author. In 
June 1924, there w’as a visit to the farm of the author by the 
Council of this Association, when ‘a cinematograph film i^as 
taken, wdiich has been used very con^siderably for j)rop^ganda 
work. During the same year, an Electricity in Agriculture 
Committee was formed, which is still actively carrying on. 

A good deal of Electro- Farming literature is circulated by 
the Association, and t?hc most prominent piece of work embarked 
on of late (from the Electro -Farming point of view) has been 
the arrangement of what looks like being an annual institution 
— a British Electro- Farming Conference. T.he first of these 
ConfcTcnces was held in 1925, the second in 192b, and in both 
cases the meeting place has been the Member's Tent of the 
Royal Agricultural Society of England's Show . (Chester 1925, 
Reading 192(>). At (xhester the chair was taken by Lord 
Bledisloe, whilst at Reading the meeting was presided over by 
Mr. Llewellyn B. Atkinson. The third (Conference was held at 
New'])ort, Mon., in 1927. Mr. S. Echvards, Chairman of the 
Monmouthshire Branch of the National Farmers’ Union, w^as 
in the chaif. Upon all occasions papers were given from the 
points of view of the farmer and the supply engineer. 

The fact that the Royal Agricultural Society of England 
welcomes such (Conferences under its ausiiices, is a good omen. 
It is a pity that this Society will not go a little* f^irther than it 
cares to do at present. In 1924, a sub-Oornmittee of the Re- 
search (/ommittee Vas appointed to enquire into the uses of 
electric power on» the farm, but the report was not published. 
Subsequently a special reporter was appointed, whose report 
was published. A leading continental elecdro-f arming exjiert,. 
when shown this report, after perusing same, bluntly expressed 
it to be twenty years behind the times. 

(^f late the Council of the National Farmers’ Union has 
been faced by a request from one of its branches to urge the 
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Oovemment, to make the electrical supj^y of rural areas a prac- 
tical proposition with the result that the Council agreed to 
take such steps as lay ii> its power. This move was ftie natural 
outcome of speculations aroused by the Electricity (Supply) 
Act. It is to be feared that many hopes have been falsely 
rmsed in connection with this BilL At present, although cheap 
generation is amply provided for, distribution is not covered. 
It cemains to be seen* whether the Central Electricity Board 
is liJk&h^ to have the intejests of rural areas at heart.* Inciden- 
tally, passing references made to electro-fanning during the 
passage of the Bill through the House were almost wholly facet- 
ious. 

Polities and Electro-Farming. 

In the arena of politics, electro-farming is recognised to 
have a vote -catching appeal. In addition to mentioning the 
subject in speeches, the Conservative and Unionist party have 
employed an electro-farming film to interest their audiences, 
in a portable cinema van, with which the\' have been touring 
the country. The Lil)eral Land Policy contained brief refer- 
ences to rural electrification. The matter was gone into in the 
Agricultural Policy of the Labour Party, and rural electrification 
is a cause which the party indicates it proposes to support. 

The work of a non political body, the Rural Reconstruction 
Association, is not generally so widely known as it might be. 
The land policy of this Association has been carefully thought 
out and in it, rural electrification is urged as of primary impor- 
tance. 

Installation. 

In England it has from time to time been heard that the 
<jngineer must foot the researchf bill before •the farmer can be 
expected to take up the extensive use of el<jc*tric }X)wer. In 
contradiction to that view it is interesting to note that in Bavaria 
and many other pafts of Europe, the cost, of developing rural 
distribution lines was borne by Farmers' Associations. 

In Japan there are several thousands of Farmers’ Associa- 
tions, chiefly organised to install machinery for pumping, thresh- 
ing, hulling, etc. fSome of these Associations even have their 
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own power generating stations, one of which (in the Fukuoka 
Prefecture) has a generating capacity of 1500 K»W. 

The Bibliography of Electro-Farming. 

No science oan be said to have established its mark on 
current life until it has develojJed a press and a literature of its 
ow'n. Apart from an increasingly large number of pamphlets 
and papers on electro-farming matters, 1925 witnessed Jthe 
inauguratibn of throe regular journals. There was the Bulletin 
of the Committee on the Relation of \llectricity to Agriculture 
(America) the Landsbygdselektrifiering och Motokuhur ’’ 
(Sweden) and Electro- Farming ” (England) which latter has 
an exttuisive home, .colonial and foreign circulation, larger in 
fact, than that of most purely agricultural journals. 

In January of the present year appeared “ L Electricite 
Chez Soi ' (France) a monthly journal in which a section is to 
be regularly devoted to electro-fanning. 

International Aspects. 

Abroad the past year has witnessed, for the second time, 
a World Power Conference at which the subject of electro- 
farming was discussed. (The first was in London in 1924). 
In September, 1926, at Basle a whole Section was devoted to 
F^lectricitv in Agriculture " and papers on different aspects 
of the quesJtion were contributed by <lelegates from Creat Britain, 
France, Germany, Switzerland, Norway, Sweden, Denmark, 
Japan and the United States. 

In the United States much interest is attached to the w'ork 
of the Committee on the Relation of Electricity to Agriculture, 
of w^hich Dr. E. A. White is tiie Chairman, and which links up 
the experimental Work of scKilde nineteen different States. Tt 
consists of representatives of farmers' organisations, representa- 
tives of large Power Companies and representatives of the 
Agricultural Department of the State College. Experimental 
work is l>eing carried out in most cases on full scale lines, and 
the frequent bulletins issued appear to indicate that volumes 
of data are being collected. Tw’enty-three men and three 
ladies are devoting their entire time to investigational work, 
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hence progress in that country, thouglit backward so far, may 
soon be expected to advai^ce very rapidly. 

Speakers on varied platforms now- a -days preach the gospel 
of electro-farming. The subject has, in the past year alone, 
been brought, in the form of papt'rs, before •meetings of the^ 
British Association for the Advancement of Science, the Insti- 
tution of Electrical Engineers, the National Farmers’ Union, 
the •Incorporated Municipal Engineers* Association, the Society 
of Aifts, the Harper- Adorns Poultry Conference, the British 
Electro-Farming Conference and the World Power Conference. 
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CHAPTER 11. 


THE POWER STATION AND THE 
AGRICULTURAL LOAD. 

Decimal Class. 621.312.F 
Supply engineers usually judge the value of any load offered 
to them by the consideration of its effect on their station load 
factor. 

The following table gives the load factors common to wrtaiu 
industries, including farms : — 


Table I. 


Class of Industry. 

Load Factor. 

Woodworking Factory 

per cent. 

5 

Engineering Works 

6 

Printing Works 

8 

Cloth Factory 

.'. 10.25 

Dairy Farm 

. . 13 

Mixed Farm . . 

. . 15 

Arable Farm 

. . 31 

Poultry Farm 

. . 65 


It is popularly assumed that the farm load is necessarily 
a much worse one than any town load, both as regards units 
consumed per annum and incidence of demand. An inspection 
of the above table^ however, shows that this is far from being 
the case. 

In poultry districts very large numbers of chicks are hatched 
each year. The incubator capacity of some of the larger farms 
is equivalent to about 30,000 eggs per hatch. Hatching ofteii 
proceeds for six months of the year, and indeed it is now being 
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seriously proposed to hakjh every month iu the year. Taking 
the case of a hatchery equipped with electrically heated incu- 
bators and brooders and dealing with 1*5 ,000 eggs (say 11,000 
chicks) weekly during the six months, the units consumed would 
be approximately ^180,000. The load factor during the half- 
yearly period would be 95 per cent. During the remaining six 
months, the load factor would be about 23 i)er cent., giving 
an average §/nnual load factor of about 60 per cent. The maxi- 
mum demand (during the winter months) amounting to 45 kW. 
must be compared with the maximum demand of 200 kW., 
which a cloth factory w^ould demand if it consumed as many 
units per annum as a poultry farm of this size. Its importance 



Fig. 1. — Typical load curve for an English rural distribution line 

from a supply standpoint can perhaps be better gauged by the 
fact that its annual consumption is equal to thaUoJ an engineer- 
ing works with 450 horse povjer of motors installed. 

The largest electric hatchery of which the author has details 
is in California. •This hatchery is equipped with 1,200 incu- 
bators which are capable of dealing with 604,800 eggs. The 
current consumption varies from 65,000 to 110,000 units per 
week, with a maximum demand of over 400 kW. practically 
continuously during the operating period. 

^ In Scotland there is a poultry farm wdth a load of 75 kW. 
on the brooders alone. 
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. The accompanying diagrams, Figb. 1-3, make the position 
as regards the farm load clearer. 

Fig. 1 shows a typical load curve for an English rural distri- 
bution line. Fig. 2 shows the load factor over a period of a 
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Fig 2. -Load factor of a typical mixed dairy farm. 
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year of an average mixed dairy farm. Fig. 3 is of interest 
as indicating the Joad factor to be obtained from a specialisde 
branch of farming, viz., poultry farming. 
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Any consideration the applications of electricity to 
agriculture is complicated by the fact that there are so many 
forms of the art. 

Farming is usually classified into twenty main types, with 
a very large nunit)cr of combinations and permutations. The 
decimal classification given in this book, providtjs a definite 
and useful classification that covers the whole field. It must 
be borne iii^mind that the nature of farms to be found in any 
particular district, varies with the average climatic conditiftns, 
and ease of transport. This further adds to difficulties in mak- 
ing comparisons. Tn temperate climates, for all practical pur- 
poses, in the consideration of comparative statistics, it will be 
found to be most pnfctiea] to divider the farms into six main 
classes, as follow's 

Arable farming, market gardening, fruit farming, livestock 
farming, dairy farming, and poultry farming. 

An arable farm may be defined as one employed principally 
in the growing of crops, with only sufficient livt^stock (say two 
COW’S and one hundred lu‘ad of poultry) to maintain the occu- 
pants. The amount of current consumed is fairly constant. 

Market Gardens are usually found on the outskirts of 
cities and towns. The amount of current consumed is not 
constant. During the Hummer months — July, August and 
September--the load is high. This is owing to irrigation and 
the use of water for washing pur})oses. A considerable amount 
of current is required for cold storage plants. In some countries 
market gardeners use electric light for trapping moths and 
other insects. 

Fruit farming, Tlie consumption of electrioity on fruit 
farms is fairly constant. In soijie countries, where a speciality 
is made of fruit farming, it is found that the current consumption 
is usually higher during the autumn and winter months, owing 
to spraying, and the grading of the crop, e.g., apples. From 
the current consumption point of view, this type of farm is not 
important. 

The Livestock Farm ‘may be described as one which rears 
pigs, sheep, cattle, horses, etc., in greater niynbcrs than those 
of an arable farm. The current consumption is uniform except 
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during a month or two in the summfsr time, when additional 
water has to be pumped for the livestock. The electrical equip- 
ment usually found on this type of farm is food grinders, food 
mixers, clippers, etc. 

A Dairy Farm may be defined as one upon which there are 
over nine cows. The current consumption per month is very 
steady, the extra demand in summer for water pumping is 
compensated for in winter, by the extra lightings There are 
usually about twice as ihany dairy farms as arable farms. The 
average annual consumption is about 1,000 units. 

Poultry Farming. Where a farm has more than, say, 
500 chickens, it can be termed a poultry farm. A typical load 
factor of a poultry farm is shown in Fig. 3. 

A survey was recently made by the Virginia State Committee 
on the Relation of Electricity to Agriculture with the object 
of studying the present position of rural electrification in Vir- 
ginia. The following tables summarise the results of the survey. 
They are extremely interesting as they are based on the actual 
consumption in an area where no effort had been made in the 
direction of propaganda. It is clear that if the farmer could 
find so many different ways of using electricity, in spite of the 
fact that no organised attempt had been made to educate him 
as to its possibilities, then a policy of proi)erly cultivating the 
farm load would result in enormously increased •demand. 

It would be a mistake to consider the farm load apart 
from the power needs of the rural district of which the farms 
are only a part. There is to-day a distinct tendency towards 
the decentralisation of industry, and with the prosj)ect of a 
plentiful supply of power, there is no reason \^'hy works, formerly 
only possible in the towns and titles, should not be better estab- 
lished in the country districts. 

Basis for consideration of Rural Load. 

In discussing the question of rural supply there is a ten- 
dency to consider its feasibility in terms of units consumed per 
square mile. Naturally, on such a basis the results can never 
be so attractive a^is the case where populous areas are considered. 
This foundation is really entirely a Mxong one upon which to 
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Table II. 


TOTAL COKSUMPTION IN UNITS (kWh) ON 414 VIRGINIAN FARMS. 


Mth. 

10^ 

Dairy 

Farms 

133 j 83 
Arable , Market 
Farms Gardens 

j 

41 

Live- 

stock 

Farms 

• 38 

Poultry 
Farms 

14 

Fruit 

Farms 

• 

! 414 
Total 


Units 

Units , 

Units 

Units 

Units 

Units 

■ Units 


(kWh) 

(kWh) 

(kWh) 

(kWh) 

(kWh) 

(kWh) 

: (kWh) 

Jan. 

7241 

5681 

2121 

2189 

576 

530 

1 18338 

Feb. 

8987 

5047 

1852 

1627 

; 666 

390 

: 18569 

Mar. 

8105 

4571 

2343 

1559 

559 

402 

; 17539 

Apr. 

8438 

4274 

2933 

1525 

612 

410 

18192 

May 

8274 

4033 

4008 

1337 

575 

427 

18654 

June 

1 9540 

3727 

6021 

1 1389 

562 

413 

21652 

July 

1 9784 

3637 

6783 

: 1536 

621 

611 

22992 

Aug. 

! 9701 

3882 

5849 

2127 

660 

739 

22958 

Sept. 

11165 

4100 

6463 

2891 

831 

812 

26252 

Oct. 

8962 

4061 

3340 

2431 

793 

475 

20062 

Nov. 

7429 

4066 

2570 

* 1769 

648 

283 

16765 

Dec. 

5052 

I 4699 

2901 

1898 

698 

220 

15468 

Total 

102,668 

1 

51,778 

1 

,47,184 

22,298 

7,801 

| s ,’»2 

! 

237,441 

Aver- 
age 1 

per I 

977.8 

i 

! 389.3 

532.3 

• 

543.9 

205.6 

408 

: 573.5 

farm j 



1 




j 
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Table III.* 

TABLE SHOWING NUMBBE OF VARIOUS ELECTRIC APPLIANCES 
USED ON 414 FARMS IN VIRGINIA. 


(a) 

Water. 



Water Pumping systems . . 

-132 

(b) 

Farm House. 



Electric cookers 

12 


Grills 

15 


Hotplates .. .. .• 

2 


Toasters 

41 


Percolators . . 

7 


Waffle irons 

27 


Heaters 

16 


Pans 

37 


Sewing machines 

15 


Washing machines 

82 


Irons 

294 


Vacuum cleaners 

100 


Curling irons 

26 


Battery chargers 

4 

(c) 

Farm Buildings. 



Silo fillers 

3 


Apple graders 

2 


Sprayers 

1 


t Wood saws . . 

1 


Emory wheels ... . . , 

6 


Incubators . . 

2 


Brooders 

2 


Milkipg machines . . 

22 


Refrigerators 

19 


Bottle washers 

6 


Separators . . 

28 


Chuims 

13 
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proceed. It is not the afea to be supplied, but the length of 
lines to supply that area that should be considered. In other 
words, the only correct basis upon which* to compare rural and 
urban loads is the units (kWh) supplied i)er mile of distributor. 
The potential revenue considered on this basis is equally as 
attractive in rural districts as in towns. The following figures 
have been worked out for loading per mile of distributor. For 
comparison, similar figures have been given for English urban 
districts (usually a much prized load, though not comparable 
with modern American practice). 

Table IV. 



Loading per 
mile of 
Distributor 
Units (kWh) 
per annum. , 

Annual 
Kev eiiue. 

Price 

per 

Unit 

(kWh) 

Rural. 




Farms over 300 acres. 




Lighting, cooking, heating and barn 

work 10,500 

175 

4 

Do. plus ploughing 

: 34, .500 

430 

3 

Small Farms under 150 acres. 

1 



Lighting, cooking, heating and 

barii! 

1 



work 

; 22, .500 

375 

4 

Do. plus ploughing 

' 48,000 

600 

3 

• Urban. 


250 

3 

100 Consumers per mile 

20,000 

to 




333 

4 


From the above table it will be seen that where rural loads 
are properly developed, the possible revenue is at ieast as large 
and valuable as from the ordiiMg^y town load — which is profit- 
ably supplied. As a matter of fact, anything over 5,000 units 
per mile of rural distribution is profitable. It must not be for- 
gotten that in many cases the cost of the distributors and conse- 
quently the interest and depreciation to be offset, will be con- 
siderably lower in the case of the rmal line than is usual where 
the distributors are supplying city streets. Moreover, in the 
case of overhead distribution, the expense ^f ’ increasing the 
current-carrying capacity will be relatively small, and will 
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amount only to the cost of cables amd insulators plus labour 
for attaching to the existing poles. 

There are already routes where the consumption per mile 
of 10,000 volt distributor, without ploughing, is equal to, or 
more than, the urban figure given in TalSle IV, 

Practical experience indicates, at the present stage, that 
in order to provide a remunerative electricity supply, a quarter 
■ft) a third of the area must be arable or rich dairy land. The 
pmnt is not so much whether electric ploughing is to be employed 
or not — it will probably not be used in many districits for a few 
years — as the fact that a farmer with a good proportion of 
arable land needs to treat, in some way, the crops which he 
produces, or else he has to prepare food for stock. The amount 
of power necessary for these x>urposes has a direct relation to 
the area of land under the plough, and also to the fertility of 
the soil. In some of the more fertile j)arts of Europe the con- 
sumption of electricity is already 100 units pe^ acre, without 
taking into account any current actually tun ployed on the land 
for ploughing or otlior purposes. Ploughing and cultivation 
would have consunu^d an additional 00 units per acre, while 
treatment and hantlling of the crops would absorb up to 40 
units per atire. Over and above all this, there is a very imx)or- 
tant load that has not yet been touched, viz., that of haulage, 
estimated at about 75 units pc‘r acre, llius, under ideal condi- 
tions, it is possible to conceive a consumj)tiori of ^75 units per 
acre, based uj)on present practice. As aii illustration of what 
that would mean to this country alone, assuming that its 57 
million acres of land were all suitable for agriculture, on the 
above basis ^oi consumj)tjon, the requirements would be about 
10,000 million units per annum, whereas the present output 
of all the central stations in tiu‘ country, including the output 
for railway work, is only 7,415 millions. Thtis the hypothetical 
requirements for agriculture would be more than twice those 
for all other purposes. If the agricultural consumption were 
only one -twentieth of this, it would be as great a load as that 
of the power companies on the North-East coast of England, 
admittedly a very large output (about 800 million units per 
annum). 
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These approximation® are scipported by a statement made 
by the United States Department of Agriculture (which has 
rt^cently made a very careful survey of fhe consumption of all 
kinds of power used on farms) . agriculture in the 

United States uses practically as much primary power as all 
manufacturing and central station plants combined.” This 
seems to be the position in almost any country. 

Without^ploughiug or haulage, a figure of 10 to 30 units 
per acre may at present be taken as a lair average upon which 
to base calculations for this country. Ploughing and cultiva- 
tion would take 45 to 00 units per acre, while threshing would 
need 24 to 45 units per acre, depending upon the heaviness of 
the crop. The demaiiftl of rural industries usually amounts to 
25 to 30 per cent, of fhe j)urely agricultural consumption. As 
more industries are attracted to the country, this proportion 
increases. An analysis of the electricity supply to 34 rural 
districts in Germany showed the results set out in Table V., 
and these could be very considerably iniprovc^d if the farmers 
w’e^re shown how to make better use of the supply. 


Table V. 

CONSUMPTION OF ELECTRJOAL ENEROY IN 34 GERMAN RURAL 
DISTRICTS (WITHOUT ELECTRIC PLOUGHING). 


(^lass. 

, Units (kWh) 

})er acre. 

! 

UnitH (kWh) 
per hectare 

Lighting 

12.5 to 22.6 

, 30 to 55 

Power 

.. 27.5 to 42 

^5 to 100 

Totals .> . 

.. 40 to (54.5 

95 to 155 

Average 

50 ' ' 

125 


A district in Italy containing 3,060 hectares (7,560 acres) 
shows an annual consumption of 129,814 units, corresponding 
to 17 units per acre (40 units per hectare) per annum. The 
charge per unit is 0.28 to 0.35 lira (22 to S j pence), and a guaran- 
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tee oi 900 to 1,000 hours’ use of currSnt during the year is re- 
quired. This is not always attained, with the result that the 
price per unit is th&i correspondingly increased. Notwith- 
standing these conditions the number of consumers is constantly 
increasing. The average demand is 8 to 10 kW per farm, 
but each farmer endeavours to arrange his power requirements 
so as to reduce bis maximum demand, which of course, is taken 
into account when fixing the minimum charge ^ich he will 
hate to pay irrespectire of his consumption. 

In Fries]an<l the winter load due to threshing machines 
alone amounts to 500 kW. This gives some idea of the magni- 
tude of the loads that are to be obtained. 

In certain districts in France, 125* horse power ploughs 
are in use, coupled through their own transformers, direct to 
the main 30,000 volt transmission lines. Such a set works 
steadily all through the autumn, winter and spring — Sundays 
and night time included — and hence is a welcome addition to 
a rural distribution scheme. 

As the farming field in most countries is practically un- 
touched as regards a supply of electricity, it affords the central 
stations an excellent opportunity to put forward the full advan- 
tages of electric power. Here it may be remarked that schemes 
should be submitted to the fanner, that enable him to purchase 
current on the most favourable terms. As an illustration, a 
scheme originally devised by the author for a small water- 
power installation may be mentioned here. Though initiated 
to avoid the necessity for the purchase of a governor, it is worthy 
of careful consideration in dealing with farm supply. The 
basis of this^ktea is that if the farmer takes a constant supply 
of electricity (100 per cent, lo^d factor) he will be granted an 
extremely favourable rate by the Electric Power Supply Au- 
thority. Now by means of the multiple- way Switching diagram, 
shown in Fig. 4, the farmer can take a constant supply, and yet 
obtain the convenience of using that current wherever he w^ants 
it, as long as his total demand for current at any point does 
not exceed the pre-arranged constant amount. 

This amounj is determined by the current-consuming 
capacity of the apparatus connected. If all the groups of 
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appliances on the farm «tnd in the farm-house consume the 
same amount of current the desired end can be attained. 

In the case which is represented by th& diagram it is assumed 
that the demand settled upon is 5 kW., and the requirements 
are for * 

(a) Driving electric motors of various sizes ; 

(b) Cooking ; 

(c) Heating of water for the dairy and for the house ; * 

(d) Hea'Sng of rooms. • • 



The important loacis are, of course, the driving of the motors 
and cooking ; hence, in practice, whenever either of these is 
not required, the c\jrrent is switched bn to any of the others 
that may be desired. In the summer time the radiators would 
not be used, so the current, w’hen not employed for cooking or 
motors, w^ould he always on to the water heater. 

The arrangement shown is entirely diagrammatic. In 
practice tw'o-w ay and multi-way switching w ould be emxdoyed, so 
that whatever w as required could be switched on near that point. 
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To avoid any confusion between the house and the farm 
a red light might be arranged over the motor switch, to indicate 
when the oven was oil. A similar red light scheme would also 
be advantageous to indicate to those in the kitchen that a motor 
was in use. All the motor switches would '^be so arranged that 
when a motor was stopped, its proportion of current was switched 
on to other apparatus. 

' Provision for dealing with electric lighting is not incorpo- 
r^t d in the diagram, 4^0 save complication. TlTe best way to 
deal with this is to divide it into sections, and by means of 
multiple-way switches use the current for heating water when 
not required for lighting. This system has been developc^d by 
Mr. E. S. Russell, and is installed in a considerable nunibe^ of 
houses in the Shoreditch district of London. 

It must be admitted that under such a scheme, the wiring 
becomes more costly — but it is worth it. Again, troubles in 
making the correct connections might arise unless the wiring 
contractor was given a definite plan to work to. These* 
schemes are but the forerunners of the (liange Circuit*' 
methods, which are now’ becoming well established. 

Price of Current. 

The farmer can afford to j)ay a good |)rii*e for electric ser- 
vice, and does so in those countries wJiere electric power is 
already available on farms. In the great majority of cases 
charges for farm supply are settling down to (a) a fixed charge 
based upon the distributors, (b) a charge for the transformer 
iron losses, (c) a charge per unit consumed during daylight 
hours, and (d) an increased charge per unit consinn(*d during 
ev^ening hqjir«. (Any charge based on connec^ted load is fatal 
for a farming supply). This jcompound system works out very 
well in practice, as the farmers, overlooking the proportion due 
to the capital charges which they realise they have to pay any- 
way, find the current cheap to use, since the cost of the unit, 
without other charges, is really low. This system gives the 
impression to farmers who do not use electricity, that electricity 
can be obtained very cheaply elsewhere, as compared w ith the 
total rate mentioned as probable for any proposals in their dis- 
trict. This advantage is often put down to the availability 
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of water power. It is, of course, a mis-conception, for though 
in certain cases water power is cheapt'r than steam, all depends 
upon the cost of development. As an ilfustration , ))ower pro- 
duced from steam in the North of England is sold at a lower 
figure than that produced from the faUs of Niagara. In Sweden 
there are ove^r 52,000 electrically equipj^ed farms wIuto the rate 
for electricity is higher than in most large English towns. In 
fact, in the jj>^)uth of Sweden electricity can he ])rodiiced by 
coal transported from Englantl as cheaply as by water ])ower 
for the conditions of farming loads. 

(Ircncrally sp(‘aking, it is of far greatcT interest to the farmer 
to know that lu* can obtain half-an-hour‘s light from a 10 watt 
ele«tric lamp for the value of one ordinary wooden match than 
to be tf)!'! that the ])rice of electricity is five yHMU^e })t'r unit. 

Slid) information will help the farmer to a])preciate what 
electricity can really do for him and is much better than theor- 
ising u]K)n the cost piT unit. 

As a rough average, on the (Vmtiniujt th(‘ farnuu' pays a 
total of fom'|)en(‘(* per unit bn- eleelric powtu', and sevenjienee 
])er unit for id(‘etric lighting. 
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PRIVATE ELECTRIC (GENERATING PLANTS. 

Deoinia] Olans. 621.312.4 

Uiifortiinalely, there is only a fraction of the fanners of 
many countries in tlic happy position of being able to obtain* 
a public electric su])ply. Though tliere are signs that some- 
thing will be (lone in the near future, in* the matter of electrify- 
ing the rural an^as, it would be unwise, to count too inucli on 
this, as there does not appear to be any immediate prospect of 
general electrification. The jiew British Electricity (^npply) 
Act of B)26, does not cover the* matter of distribution at all, 
only generation. Even if it did, it. would tak(‘ many years to 
complete the task. Those who are contemplating installing a 
gene^rating set would 1 k^ wise however in selecting a voltage 
similar to that of the nearest sii})ply in anticipation of th(‘ exten- 
sion of the sup]>ly mains. 

The standard public su])ply is 230 volts. This is also the 
pressure of the larger privait^ jilants. This voltage or at any 
rate not less than 100 volts, is to be strongly recommended 
for any electric generating set that is to be emjiloyed for farm 
work. Many regret to-day that tliey purchased low voltage 
plants, of say, 16, 25, 30 or 50 volts, since they find that these 
voltages ar« leally only suitable for lighting in the immediate 
neighbourhood of the engine room iiiK\ cannot conveniently 
and economically be used for lighting or power at a little distance 
away. 

It is not generally realised that those who happen to have 
low voltage plants of say 25 volts can purchase more battery 
cells, making the total jiumber up to say 54. Then the battery 
will provide the required total voltage of 100 to 110. A change-, 
over switch wilj. have to be provided so that the electric set ' 
can charge up* the whole battery section by section to correspond 
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to its voltage. If the ue\^ cells are the same size as the old ones, 
the total capacity of the original 25 volt battery will be (juad- 
rupled. 

The only objection to purchasing a lOO-volt plant is the 
^slightly higher initial cost, but the many advantages to be gained 
from the higher voltage set amply compensate for the diffcTcnce 
in price, also it should not be forgotten that as the big public 
demand is for electrical apparatus at 100 to 120 volts or 2(11) 
to 250 volts, it is easier and cheaper to obtain aj)j)lianees for 
use with these pressures. 

Water Power. 

It is not often rej^lised that 250 cubic feet of water falling 
at the rate of ten feet a minute will ju’ovdde sufficient electric 
power for light, hi'at and the small motors of an average farm. 
That is to say, the fanner through whose land a stream flows 
should take steps to find out what power in terms of electricity 
the sam(‘. will provide. The utilization of water for driving a 
water wheel does not diminish or pollute the stream, although 
where a dam is constructed, the c‘ff(‘ct of back-w^ater tipon the 
adjoining land must be carefully considered, so that damage 
to property may be avoided. 

A water wheel in its simplest form is nierely a eireular fan 
with curved iron blades revolving in an iron case. The wheel 
revolves owhig to the force of the water <lriven t-hroiigli tlie 
blades and the blades cause a shaft fitted with pulleys to re- 
volve, these latt(*r being connected to the })ulley c>f a dynamo. 

There are three kinds of w ater w heels : - 

1 . Reaction Turbine (for low' heads). • ^ 

2. Gravity Wheels (Undershot breast. Overshot). 

3. Impulse Wheels (PeltOn) (for high heads). 

The Reaction* Turbine is one bf the most ])opnlar of water 
wdieels and is generally used for medium ^nd low’ heads and 
comparatively large quantities of water. It runs at a higher 
speed than the overshot wheel, occupies mi?ch less space and is 
more efficient. Many different sizes of turbines are stocked by 
good makers, whereas w ith overshot wheels, tht\^ generally have to 
be built specially for each installation, which increases their cost. 
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Thb Overshot Wheel used to be eftiployed for heads varying 
from 4 to (K) ft., although it was rather expensive for heads of 
above 20 ft. As the efficiency is low, it is not a type that is 
generally installed to-day. 

The Impulse Wheel, popularly known as the Pelton wheeL 
has an efficiency of about 80 per cent, and although it is generally 
used for heads of water of 100 ft., or over, to an indefinite volume, 
it is also obtainable for heads as low as 20 ft. It^is most suited 
for use in mountainous* districts where th(' quantity of water 
is small but the head relatively high. 

(Jareful investigation is needetl before installing a water 
power plant, as the interest on ea])ital expended on constructing 
dams and the laying of ]>i])es, etv.., is often greater than the 
annual running costs of an internal combustion engine. If 
construetion costs can be kept reasonably low’, there is no doubt 
that w'ater power gives more satisfactory ix'sults than any other 
type of plant, provifling there is sufficient water at all seasons 
of the year to operate the plant. The idc^al condition is wherc^ 
the minimum flow' is sufficient to supply the maxinunn demand 
at the season of low water. It is also necessary to know the 
maxinunn flow of water in flood time because the dam and 
sjiillw’ay rtJust be capable of dealing with this. The power of 
the stream depends upon two things, the head or fall which 
can be secured either by the aid of the dam or ngiturally, and 
the quantity of water flowing. Tlie highc'r the head, the cheaper 
the capital cost of the installation. Where thc' flow’ of water 
is sufficient to meet the maximum demand at all seasons of 
the year, a battery can be dispensed with by installing a turbine,, 
which is controlled by a hydraulic pressure governor. Though 
these special governors are rather expensiye, the cost and de- 
preciation is very mucdi lower than that of a battery. A further 
item to consider is the distance from the available water supply 
to the place where^the current is to be used, as the cost of the 
transmission lines may be so high, that it becomes cheaper to 
install an engine driven generator, which can usually be placed 
near to where tlie current is needed. 

Automatic w’^ter power plants arc also obtainable. With 
these plants the dynamo and turbine do not run continuously. 
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When the charge in the iJkttery falls below a certain value, an 
electric motor, which opens the sluice gate is brought into o|)era- 
tion. In this way the dynamo charges the battery at full load. 
When the battery is completely charged the set is shut down by 
the closing of the sluice gate,. 

Windmills. 

While windmills have been employed for many velars fo¥ 
the purj)ose of })umping water, it is only during the past few 
years that serious attempts have been made to generate elec- 
tricity in this way, though as far back as 1881 Lord Kelvin, 
when he was Sir William Thompson, in his Presidential address 
to the Mathematical aii^l Physical Sciemee Section of the British 
Association, suggested the idea of employing windmills for the 
generation of electric {3ower. 

While early models simply fitted the generator to an ordi- 
nary piiinjiiiig windmill, modern plants are designed specially 
for the ])ur])<)S(‘ for which they are to serve. 

Probably one of th(' reasons why windmills have not been 
more extensiv(dy used in this country, is that there has not 
])een any really reliable data for the pros])ective user to consult. 
The Institute of Agricultural Eugineeriug of th(' University of 
Oxford, recently carried out a series of investigations at 
Rar]jenden 3\ith a number of modern wind ])lants manufac- 
tured by re])r<‘sentativ'e makers. Figs, f) and b. The results 
of their work have now been published, and ]>rovide the prospec- 
tive user with a mo.st valuable an<l reliable guide. 

It is ail interesting fact that in the Netherlands, (i.e., a 
country with every w ind advantage) the windmill is r§,pidly being 
replaced by the eleot;rio motor. .During the last few’ years the 
number of windmills in use has decreased by about fifty per 
cent. TIk' usual practice is to install a twenty horse-power 
electric motor in the base of each windmill. ^ It is found that 
at the liigher jircssure of work to-day and the necessity of 
turning money over quickly, coupled with the higher value of 
men’s time, that work cannot await the vagaries of the wind. 
Also in wet w(*athcr there is rarely any wind, ^nd there seems, 
to be a lot of wet weather. 
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The essential components of a* \\ ind-motor consist of a 
head-piece, i.o., the part \^hich swings in the wind and carries 
a wind-wheel, and tfie necessary support for this head-piece. 
The generator is mounted either beside the wind-wheel or on 
the ground. A direct drive is never used, as the speed is alw’a3's 
too low. Spur or bevel gearings often utilized, and on some 
equixnnents a Ixit or chain drive is fitted, iiie gearing and 



<lynamo is usually })rotected from the wt*ather by means of 
hoods and in the^ best types these are designed in stream-line 
fashion to give as little obstruction as possible to the wind. 

The modem windmill, in nearly all cases, runs with 
the plane of the wheel practically vertical and normal to 
the direction o^the wind. To enable this to be done a ^il^ 
nr vane, fitted at right angles to the wheel, is attached by means 
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of springs to the heacl-pitfce. When the velocity of the wind 
increases, the outjjut of tlie generator is naturally greater, but 
when the speed of the wind exceeds a ceAain figure, the power 
transmitted to the generator will exceed the safe load on the 
machine, unless some means are adopted to govern the speed of 
the wheel. The methods adopt(‘d vary considerably according 
to the makes of the windmills. A method that has proved very 



’ % 

The Patent Lighting Co., l4d. 

Fig. 6. — ^The Yentimotor. 


satisfactory, is where a governing*vane, smaller than the taib 
vafliie, is fixed to the side of the wjjeel and in^a plane parallel to 
it. When the speed of the wind edcceeds the safe limit, the ten- 
sion on the springs, by which the tail-vane is attached, is so 
adjusted that the pressure on the side- vane is sufficient to over- 
come their pull and the wheel is turned slightly out of the wind^ 
thus controlling the speed in all winds. 
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Electricity generated from windmills is not as cheap as 
aome people imagine ; it is certainly not a case of getting some- 
thing for nothing, 

A very large storage battery must be installed to maintain 
a supply of electricity when there is no vvind to operate the 
dynamo. The battery is also necessary for steadying the power 
a apply during periods when the veloctiy of the A\ind varies — 
for contrary to the general idea, wind always comes in gusts 
and is never stea<ly. * 

One or two tyi)es of windmills have been designed to operate 
without a main storage battery, but it cannot be said that they 
have proved practical, because only during periods of high 
winds can the full capacity of the machine be obtainerl. This 
is very unsatisfactory as th(^ load miist^ be suit(‘d to the con- 
<lition of the wind, rather than the sup])ly he forthcoming accord- 
ing to the need of the farmer. 

As very much larger batteries are required for use iji (con- 
junction with windmills than with (dher prina* movers, the 
cost of tbe hatt(*rv must/ be taken into consideration wheji com- 
paring the cost of a wind inslallation with any other. 

The followijig table) gives the results ohtaiiH'd from the 
investigations carried out by the Institute of Agricultural Engi- 
neering of the Ihiiv'ersity of Oxford : — 

Table VI. 

RESULTS OF THE INVESTIGATIONS (’ARRIEJ) OUT BY THE 0\F0RJ> 
INSTITUTE OF A(mi(’IJLTU RAL ENGTNEEKTNCi ON SEVEN WrNI>MrLI. 

(5 EN ERATl NG PLAN PS . 
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0.5 
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It will be seen that 4he mediniii sized plants stand in a 
favourable position as compared with the costs of other methods 
of power production. As the successful ^operation of a wind- 
mill depends upon the choice of a suitable site, too much care 
cannot be taken to ^ee that nothing interferes with the prevail- 
ing winds. The investigators at Harpenden found that the 
majority of winds are South and South-west. 

A small form of wind dynamo has recently appeared oif 
.Ihe market whfch is of interest to farmers. Its primary purpos ^ 



Fig. 7. — A 1 kW. “ Anstinliie ” Automatic Set. 
No Switchboard is required witli this set. 


is to provide a means of charging low-voltage batteries for 
wireless installations, motor cars, etc* The windmill is mounted on 
a platform which is fitted with a swivel-head and wind-directing 
vane and consists of a high-speed dynamo having a capacity 
of 25 to 30 watts. The weight of the apparatus, which can be 
mounted on any pole, is 25 lbs. 

The above windmills are all fitted with stream lined blades 
or wings of aerofoil section, i.c., similar to the air-screw or wingii 
of an aeroplane. The efficiency of such a modern wing, is over 
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Rouble that of the popular multi -bladed La Cour or American 
windmill. 

« 

Internal Combustion Engines. 

Where only a small amount of current is required, there 
is no doubt that the petrol engine is the most suitable. (Fig. 7). 
Petrol gives little trouble and prolongs the life of the engine. 
However it is an expensive fuel a.nd should only be used for 



il. — A kW. Heavy -Oil Automatic* Austin Set. 

(When once started the engine tirc'S by compression ancJ no coil, magneto 
or sparking piug is requhcci). 

small sots. While paraffin is much cheaper it has certain dis- 
advantages, for instance, the cost of lubricating oil is increased 
as some of the paraffin finds its w^ay into the crank chamber 
and thus deteriorates the lubricating oil. If the plant is to be 
over eight horse power, the semi-diesel, cold -starting type of 
engine is probably the most satisfactory, as a cheaper, heavier 
oil than petrol or paraffin can be used. These engines are of 
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very simple construction, and are often made without magnetos, 
sparking plugs, etc. When these engines are carefully over- 
hauled by an experienced engineer every few years, practically 
no trouble is experienced. (Fig. 8.) 

Storage Batteries* * 

Where electricity is only required for say the lighting of 
poultry houses or the driving of certain machines, then a battery 
could be dispensed with. However, if the current is used for* 
one purpose, it is certainly unwise ipt to take advantage of it 
for the lighting of the home, because, whatever the source, 
it would certainly be much cheaper than burning oil lamps. 
For practically all farm conditions it n\ight be said that it is 
advisable to have a battery with a generating set, as in this 
way the engine works git its highest efficiency, for when only 
a few lights arc being used, tlie battery is storing up the surplus 
electricity which can b(' drawn ujH)n when extra lights are 
required. No engine can ])e expeett'd to operate without re- 
quiring some attention at some time and it is at these times 
that the advantages of a battery are really fully realised, as 
they can be uH(‘d as a reserve to tid(' over these periods. A 
further advantage is that the di'sign of the engine driving the 
dynamo need not be of such a high class type, as any good 
engine will drive a dynamo for charging a battery, whereas 
if lighting is done directly off an engine and dynamo, a rather 
expensive engine is recpiired, which must be fitted with a very 
sensitive governor. The three principal methods of controlling 
the charging of a battery are hand control, semi-automatic 
and fully-automatic. The first method is seldom met with 
to-day, while the third still has certain drawbacks, jn so much 
as, no matter how automatic a sqt might be, it still requires a 
certain amount of attention, and for tliis reason, what are known 
as the semi -automatic sets, are perhaps the most popular at 
the moment. The principle on which these semi-automatic 
and fully-automatic sets work is, that when the battery requires 
charging, a two-way switch magnetically connects the dynamo 
to the battery and disconnects it when it is fully charged. 

All batteries are rated by their amperc-hojjr capacity, i.e., 

. the number of amperes discharged in a given number of hours. 
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A 100 volt battery with 120 amp#re-hour capacity will give 
12 amperes for 10 hours discharge at 100 volts (12 X 100 = 1200 
watts for ten hours) Miich will light thirty 40- watt lamps (1200 
watts -f- 40 watt ~ 30 40- watt lamps for 10 hours). 

There are 1000 watt-hours (or 1000 Vatts for one hour, 
or one watt for 1000 hours) in an electrical unit. Hence one 
unit will light twenty-five 40-watt lamj)s for one hour (1000 
40 =5^ 25). Again taking the example of the 120 ampere- 
hour battery at 100 volts, this means it has a* capacity of 12 
units (12 am])eres X 100 volts X 10 hours -f- 1000 watt-hours 
— 12 units). 

Table VI 1. shows the number of 40-watt lamps that can 
be lighted at the same time for a j)criod of t(ui hours from bat- 
teries of various capacities. 


Table VJT. 


Capacity of battt^ry 

j 

1 25 Volts 

50 V7)lt 8 

KM) Volts 

! 220 Volts 

at lO hrs. rate 

j 14 

27 (Vlls 

54 (V‘lls 

120 Cells 

Ampere-hours 

1 Nnn)b('r of 4()-watt Lamps in use 

60 

: i 

^ ! 

i 7 

15 

33 

80 

5 i 

10 ! 

20 

44 

100 

« ' 

1 ' 

25® 

55 

120 

7 

15 : 

30 

66 

150 

9 

1 19 

37 

S3 

200 

13 

25 

50 

109 

240 , 

15 

30 

fiO 

132 


The battery and its surroundings should at all times be kept 
clean. If this is done a great deal of trouble will be saved in 
the course of time. The battery should be thoroughly inspected 
«tt regular intervals to see that the deposit at the bottom of 
the cell does not touch the bottom of the plates and also to re- 
move broken or displaced separators or any foreign material 
that has got between the plates. If this is done the danger of 
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internal short circuits is miliimised and the life of the battery 
' CQnsiderably lengthened. Readings of the density of the acid 
in each cell should also be taken at regular intervals. Special 
floating densimeters are obtainable for this .purpose. 
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tHAPTER IV. 

AGRICULTURAL ELECTRIC MOTOR DRIVES. 


Decimal Class. 621.313F* 

Table VIII. 


Food Preparation lor Livestock. 

, Chaff cutters. 

Chaff dust extractors. 

Root pulpcrs, sheers and cutters. 

Cattle cake breakers. 

Com crushers, kibblers, rollers, grinders and grist mills. 
Disintegrators for ditto. 

Corn or maize shellers, buskers and shredders. 

Food sifting and mixing machines. 

Meat grinders and mincers. 

Pumping. 

Pumping of water for domestic use and for stock (open 
tank and pressure systems). 

Pumping of liquid manure. 

Pumping of sewage. 

Whitewashing machines. 

Irrigation by means of electrically operated pumpg. 

(a) spraying. , 

(b) shallow root crop, and 

(c) deep root crop. 

Liquid manure distribution by means of elejtric pumps. 

Hoistipg. 

Portable electric winch. 

' Hay and crop hoists. 

Hay and crop elevators and transporters. 
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Table VIII. i^nid.) 


Hoisting {contd.) 

Food transporter. 

Cart loader. 

Driving mechanical conveyors and pneumatic or other 
elevators for silos and threshing machines. 

Grain and chaff elevators. 

Sack elevators. 

Stable Tools. 

Horse and cattle clippers and brush groomers. 

Horse and cattle vacuum groomers. 

Sheep shearers. 

Workshop. 

Grindstone (also mower knife grinder). 

Workshop for rei)airs to farm machinery (including grind- 
stone, emery wheel, drilling machine, portable electric 
drilling machine, lathe, forgo blower, electric soldering 
iron, electric glue-])ot, etc.). 

Wood chop})era or splitters. 

Circular saws. 

Farm Work. 

Artificial manure distribution by electrij;ally operated 
machines. 

Fence post driver. 

Stump and root pullers. 

Potato digger. 

Potat# sbrter or grader. 

Crop Treatment. 

Grain and seed graders. 

Winnower or fanner mills for cleaning seeds. 

Hay balers. • 

Straw and hay chaining machines (also in combination with 
threshing machines). 

Hop dryers, shredders and dryers (centrifugal). 
Dessiocaticra of vegetables and fruits by electric fan. 
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TABLt VIIT. (conid.) 

Crop Treatment {contd.) 

Pulping of friiits^for supply to jam makers. 

Lucerne or alfalfa mills. 

Flailing machines. 

Malting macliinery. 

Clover, pea^and bean hullers. 

Seed (ileaning and dressing. 

Ploughing . . . . . . . . . . See Chapter IX, 

Harvesting .. .. .. .. .. ,, ,, X. 

Handling (Jrops . . . . . . . . ,, ,, XI. 

Threshing . . . . ‘ . . . . . . ,, ,, XII. 

Electro-Silage . . . . ,, „ XIIT. 

Electroculture and flight Treatment . . ,, ,, XIV. 

Irrigation, Pumping and Liquid Manure 
distribution . . . . . . . . ,, ,, XV. 

The Poultry Farm . . . . . . . . ,, ,, XVI. 

The Dairy Farm „ „ XVII 

Applications of Electricity in the Homestead ,, ,, XTX. 

Farm Drives. 

On the average farju, the maednnes that are most commonly 
j>ower driven are hay (chaffers, root cutters, grinding and crush- 
ing mills, cattl<‘ cake breakers atid firewood saw benches. Figs. 
9-13. These machines are ehielly used during the winter time, 
and even then for but a few hours <laily. Hence, at first thought, 
the load factor of a farm does not aj)pear to be very attrac- 
tive. However, if electricity is available, cxperieiifje^hows that 
it will soon be CTiiployed for a variety of other purposes, if only 
the attention of the farmer is drawn to its possibilities. A 
very important use,*w]iere water is not already laid on, is for 
driving the water pump for general farm j)urpj:)ses and also for 
domestic use. Still another service, which may be reckoned 
among the essentials, is the driving of a liquid -manure j)umx). 
For the driving of the milking machines two to thn^e horse 
power is required. The preparation of food for^the livestock is 
usually carried out in the morning, so that if a threshing machine 
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and also a hay and straw transpoAer and elevator are added 
to the above equipment, there will be a fairly constant Ipad 
for twelve hours e^h day during the winter. 

At the hay and com harvest periods, the driving of the 
bam machinery would be replaced by the operation of an electric 



Kg. 9. — A portable electric motor driving a root cleaner and slicer. . 

fan for curing the hay and sheaves of com, also for elevating 
hay and silage crops ; in addition a chaffing machine would, 
have to be driven for cutting silage. If a number of sheep 
were kept, an ^lectric shearing machine should be employed. 
Fig. 14. In fact, once electric power is available, its use will 
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extend in many direction^ as indicated in Table I. After all, 
the requirements of each farm have to be specially studied, 
as the form of farming so often differs, as floes also the arrange- 
ment of the buildings. 

Portable Motors. 

With a view to the elimination of countershaft drives and 
also to enable each piece of barn maohincrv to be placed in the^ 



Fig. 10. — (.portfijale electric inotor driving a cake breaker. 


position where it is*most convenient for it to do its work, port- 
able electric motors are having a consideraJ)le vogue. Their 
use certainly reduces the number of motors necessary on a farm 
and also the capital invested. However, it is a moot point as 
to whether in the course of the year’s use, the value of the time 
lost in adjusting and fixing them would not ^lay the interest 
and depreciation on a direct-connected motor. As a matter 
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of practice, this is the custom of farmers who have had a number 
of years experience of electric driving. They find that their 
machines arc not emTployed to full advantage, unless they can 
be operated by a twitch of a switch. 



Fig. 11 — Klor trirally driven <‘orn eruKlier. 

ft 

Portable motors have, hovevc*!*, one great point in their 
favour, i.e., they enable new drives to be tried and experimented 
upon in cases of doubt. For work outside the farm buildings, 
they are often ij,i valuable and are a most useful addition even 
when the main drives are fixed. 
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Fig. 12. -Kleciric motor moimtod on Iruck. driving grinding nniclimo on 
l(‘ft and gram clean mg machine ou right. 



Fig (;j.- An eh eti'ic motor driven liay and straw rliafimg inachino. 
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Electrie Motor Specifjcation. 

Electric motors for use on farms, should preferably be 
provided with starting switches and fuses (or circuit breakers), 
which are mounted on the motor frame. The flexible leads 

i 



Fig^ 14. — Sheep shearing by electricity. 

from the source of supply, should form a cable in which an 
extra earthing wire is included, though in Continental practice 
this is omitted, ^ A convenient standard length of cable is 40 . 
feet, - If' a longer length is necessary, a light wooden reel should 
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Fig. 15. — A portable oloc‘tri<‘ motor, driving a portable circular saw. 



Fie. 16.— A portable electric motor, fitted with spocia? plug which permits 
it to bo comicctod to the nearest power point. 
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be supplied upon which to coil any* excess length not in use. 
A double width j)ulley should be fitted on the motor spindle, 
that is, the type of pulley usually employed for driving on to 
fast and loose pulleys. The reason for this is so that the align- 
ment of the portable motor may be quicUly made, since the 
setting need not be so exact with a wider jiiilley as with an ordi- 
nary pulley. 

• If the motor is of the ordinary open type, it should be 
provided with a drip*proof or a dust protecting cov^er, either 



Fig. 17. — 1 \ removal t]*o]loy ]K*ing placed uiulor a portable platform. 


of metal or asbestos lined wood. If not protected by such a 
cover, the motor should be suiiplied with a shaped tarpaulin 
cover, to be throyii over it, when not in use. Small motors 
coiujiletc with starters and flexible cable can be obtained ready 
mounted on handled bars, enabling them to be carried from 
place to place by a couple of men, like a stretcher ; alternatively, 
the motors are ^lounted on timber skid frames or on double 
or multiple wheeled frames, on which they can be dra^^TL into 
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convenient positions, being %ea<ly for service in tlieir new loca- 
tion as soon as the belt is attached. Figs. 15 and 10. Conti- 
nental practice favours very substantial, three point suspension, 
horse drawn enclosed vans, for motors of fifteen to forty horse 
power. 

Platform transporters for Motors. 

For smaller motors, the author advocates wood platforms, 
suitable for use with transporter or lifting trucks, as employed 
under modern factory conditions. This is a V(‘ry sim})le and 
effective means of mounting so as to makc‘- the motor easily 
transportable, at a minimum cost. This type of platform is 
made with legs or side su])])orts, so tliat the transporter or 



18 .- l*ortu)>k> inotor on Ijtrlit t ruck. 


lifting triK^k can be pushed underneath it when it is required 
to move the motor to another j)lace. These trucks are so de- 
signed, that by operating the draw-bar handle up tpid do^n, 
the chassis rises, and so lifts the load. When the load is trans- 
ported to its desired situation, the raised portion of the chassis 
of the truck is lowofed, until the wood platform rests on the 
ground, when the truck can be removed to do other work. These 
trucks and platforms, will be found to be very useful for 
many purposes on a farm, other than for shifting portable 
motors. As a modification of the above scheme, where it is 
not considered desirable to acquire a transporter truck, the 
author has employed a similar platform, but fitted with four 
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crowbar operated lifting cam-legs.* A crowbar is inserted in 
the hole prbvided in each leg and they are levered up in turn. 
With the lighter motors, one end of the platform can be lifted 
by hand and the legs allowed to fall into a vertical position 
by gravity. A piano removal trolley i# then placed under- 
neath the platform, which is subsequently lowered on to it, 
by aid of the crowbar or by pushing when it is ready for 
transport. Fig. 17. 

Belt Speed Reduction. 

A particular neat and compact form of portable motor is 
shown in Fig. 18. The outfit consists of a light truck which 



Fig. 19. — l*ortable motor showing spo<*ial gearing box lor jow speeas. 


can be wheedled about by one man, and on which is mounted 
a five horse power, totally enclosed motor having a pulley on 
one shaft extension of the motor, and*driving by means of a 
Reynolds chain, a countershaft equipped nvith a double pulley 
at the one end and a grindstone at the other. The three pulleys 
give a choice of belt speeds suitable for driving the usual farm 
machinery. When required to operate a machine it is just 
wheeled into position and anchored by chocks which are attached 
to the frame b^ links and can be swung under the wheels. A 
stake is also provided which is put through a hole in the foot. 
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The starter is mounted oif the motor and is provided with a. 
no-volt release, so that the machine is protected in the event 
of the supply failing and being unexpectedly restored. 

Geared Motors. 

There are a number of small machines on the farm whose 
power demand is comparatively low, yet when the work is done 
by manual labour, it is not only heavy, but expensive. Small 
portable motors are now manufactured, which are designed t<j 
operate these machines. The special features of these motors 



Fig. 20. — Portable motor with tubular shaft driving a corn crusher. 


are that they are light, compact, cheap and capable of driving 
the machine at the crank handle. As the motor speed is of 
necessity high, special gearing is iriiporporated to give very low 
speeds. Fig. 19. Some designs provide for tw 9 or more speeds 
and in some cases the electric mo|or has become an accessory 
which is bolted to the side of the gear.box. Gear driving spindles, 
which run at 40, 60, 100 or 200 revolutions per minute respec- 
tively project at one end of the box and at the ot^jer end, a direct 
drive of 1,400 revolutions per minute is obtainable. An attempt 
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has been made to minimise the lo^ power factor of this type 
of motor by equipijing it with a special switch, by means of 
which the windings of the motor are coupled in four different 
ways to give various outputs, while at the same time keeping 
the power factor high. These motors will give from 1 to 5 
horse power according to the position of the switch. To avoid 
the trouble of alignment with different machines, tubular shafts 
6 to 7 feet long are provided. Fig. 20. The ends of these 
sshafts are fitted with hooke joints. In this way the geared 



Fig. 21. — Chaff'fuiliiig nincbine drivon by a small fiortaldo olot tric motor 

motor can bo placed on the floor and from this position will 
drive a machine w^hose axle is two or three feet above ground 
level. 

JLight Hand Motors. 

Another development of the electric motor for driving light 
farm machinery, is the design of a small, very high speed 
motor running at about 3,000 revolutions per minute, 
which can eae^jly be carried with one hand. It has a multiple 
reduction gear, which brings the speed down to 60 or 70 revo- 
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lutions per minute. For most purposes it* can be employed as 
a direct drive, but where the starting torque, as compared with 
the running torque, is high, a friction coupling is interposed. 
This small motor can also be used for fast running devices, such 
as polishing mops aftd emery wheels, and for this purpose, a 
flexible shaft can be attached to the armature shaft at the rear 
end of the casing and connected to the device. On the outside 
of the motor is a starting switch, carrying handles, and an ' 
arrangement for fixing the motor to a bod or stand. Thesa 
motors are supplied in sizes of from onc-third horse power to 
2^ horse power. Tlie smaller motors are provided with a rotary 



22. — Potato sorter driven by a small portable electric* motor. 

switch for switching on, whereas the larger types have a change- 
over swit(;h, by means of which tlie macdiine can be run in either 
direction. These motors may either be screwed \o»a wooden 
table or iron plate, or •mounted on a frame, which enables the 
motor to be raised or lowered according to whatever machine 
it may be required to drive, (Figs. 21 and 22). 

Power Factor Control. 

Farmers starting to use electricity often begin with one 
or two portable motors, and after a few years adopt the policy 
of purchasing motors to be permanently installed for individual 
drives. If suitable machinery is installed, a five horse power 
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motor is the largest needed on thS majority of farms, except 
in the case of plouglyng, while a two horse power motor is useful 
in addition for general work and one or two fractional horse 

Table IX. 

SIZE OF MOTORS REQUIRED ON FARMS. 

INDIVIDUAL DRIVES. 


SIZE OF MOTORS. 


Drive. 

1 Smallest. 

Large’S t. 

Usual Size. 


i h.p. 

h.p. 

h.p. 

Book-keeping (Aiito-Countancy) 

1 .VtF 

?To 


Cart loader 

i s 

5 

3 

Cattle oake breakers 

1 i 

2 

1 

Chaffing machines 

1 2 

10 

3 

Cyclone chaff dust-extractors . . 

1 1 

3 

2 

Cider mills 

i •> 

5 ' 

n 

Clippers for sheep and horses . . 

i 

1 


Clover cutters . . 

i i 

i 1 

4 

Concrete mixers. . 

2 

10 ' 

5 

Cord wood or firewoofl saws . . 

3 

10 

5 

Com iiiaize3 shcllers (single hole) 

i 

14 ' 

1 

Emery wheels . . 

i 

n 

i 

Ensilage cutters. . 

10 

30 

J5 

Fanning mills or winnowers . . 

i 

i 

1 

Feed grinders (large) 

10 

30 

15 

Grain elevators . . 

i 

5 

3 

Grain graders 

i i 

i . 

4 

Grindstone’s 


1 

} 

Groomers (revolving) . . 

i 1 f 

2 

1 

Groomers (vacuiiin) 

i 1 

3 

2 

Hay balers 

1 1 
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Hay lioists 

> 3 ' 

ir> : 

5 

Huskers for Indian corn (maize) 

! i(» ; 

20 

15 

Mixing machines 

i i 

5 

2 

Oat crushers 

\ •> 1 

10 

5 

Ploughs (electric) 

! 12 : 

150 

60 

Root cutters, ^licers and pulpors 

! 1 1 

5 ; 

2 

Saw bench ^or firewood 

3 

10 

5 

Saw mills 

10 ! 

50 j 

15 

Shellers for corn (maize) 

10* i 

15 i 

15 

Shredders and huskers for maize 

10 i 

20 1 

15 

Winches and hoists 

1 * I 

10 ! 

3 

Wood splitters . . 

1 1 

4 1 

2 


Note. — A very good estimate can be formed of the power necessary to drive a machine by 
substituting a 1/8 to 2 horse power motor for a man or two men, or replacing a horse or two 
horses by one 5 horse power motor. 


power machines for lighter duties. The farmer who installsja 
large portable «motor for such work as threshing and also uses 
the motor for a much smaller load, is not an attractive customer^ 
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for the power station engineJbr, as this practice causes the power 
factor to be very poor. A method of improving this, is to 
fit a star-delta switch for the stator, the star position being 

Table X. 

APPROXIMATE OUTPUT OF SOME TYPICAL ELECTRIC 
MOTOR DRIVEN FARM MACHINES. 


Machine. 

Work done 
per hour. 

Speed of 
machine 
pulley. 

Work done 
Size of i per unit * 
motor.' (kWh) 
consumed. 

Cake breaker 

L'i cwts. 

r.p.m. 

140 

h.p. 

1 . IJ tons. 

Ciiaffing machine . . 

3 tons 

300 

10 0.5 tons 

Churn for butter (with 
butter worker) 

l70 lbs 

30 

2 i 165 lbs. 

CliiDper (horse) 

i-2 horses 

1,300 

1 \ 3-4 horses 

Clover cutter 

50 lbs. 

1,H00 

i ' 115 IbR. 

Corn (maize) shellor 

26 bushels 

280 

1 1 36 bushels 

Cream separator . . 

135 gals. 

050 

IJ i 260 gals. 

Ensilage cutter (rye) 

5.5 tons 

bowl 6,000 
300 

10 0.66 ton 

Feed grinder 

40,bushels 

1,800 

25 1 S..'! bush. 

Grain Elevator 

— 

— 

— 450 bush. 

Groomer . . . . ! 

6-7 horses 

j 

1,300 j 

raised 19 
feet. 

1 1 9 horses 

Hai-vester and binder . .i 

2 acres j 

360 i 

1 1 1.5 acres 

1 


(for knife aiul 

1 

’ binding mechanism). 

Hay <;uring * , . . J 

— 

— 

2.5 , 2 cwts. 

Hay transport er , . 

5-6 tons 

35 

10 j 0.5 tons 

Milking machines . .| 

90 cows 

42 pulsations 

3 , 52 cows 

Oat crusher . . . . j 

50 bush. 

central pumjj 
390 r.p.m. 
500 

2 i 22 bush. 

Plough (electric) . . . J 

0.9 aero 12in. 

— 

60 i 160 sq. yd 

Root cutters . . . T 

furrows aver- 
age land. 

6 tons 

150 

• •: 

i 

2 j 6 tons 

Shredders and huskers 



1 

(maize) . . * . . 

2 tons 

— 

12 1 0.91 tons 

Thresher . . 

150 bush. 

1,200 

• 

15 1 7.7 bush. 


marked, say, ‘‘light load,” and the delta position “heavy 
load.” A practical example of this alteration of connections 
is illustrated in the following example : — ^A ^25 horse power 
motor, when used for driving a threshing machine, developed 
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24 horse power. On 120 days of the year it operated a 
sawmill taking 13 Jaorse power. When delta-connected the 
power averaged 11.3 kilowatts, but when star-connected, it 
was 11 kilowatts, thus saving 0.3 kilowatt|j. In this particular 
case, the sawmill was in use 8 hours a day, so that the saving 
in twelve months was 288 units (kWh). What is even more 
important is the fact that the power factor was increased 

from 0.62 to 0.90. 

• 

Features of Design. 

Electrically operated farm machinery — both the mechanical 
and electrical portions — should be of such design and construc- 
tion as rarely to need overhaul, for the farmer who makes a 
hobby of keeping machinery in repair i§ apt to neglect his crops 
and stock. This, in fact, is one reason why machinery is not 
employed to a greater extent on some farms. 

On the Continent, manufacturers are now producing an 
electric motor which is quite distinct in type from the industrial 
motor. Since the War, a large percentage (60 to 90 per cent.) 
of the output of electric motor manufacturers has been of the 
agricultural type, so much in fact, that these motors are 
often supplied for industrial work. The gcmeral requirements 
of an agricultural motor are that it must be comparatively 
cheap, be cajDable of working in explosive anc^ dusty atmos- 
pheres and built so that it can withstand rain and the placing 
of artificial manure sacks on the top of it. It must also be able 
to withstand exposure to the weather, to humid atmospheres 
containing uric -acid and ammonia fumes and receive practi- 
cally no at#ci!tion. As regular lubrication cannot be relied upon, 
ball bearings should be used. The stai;ter should be enclosed 
in the fiame and a simple no- voltage and overload circuit breaker 
should be provided. The windings should be vacuum impreg- 
nated, so as to be moisture proof. The motor must be capable 
of working in an inverted or vertical position. To avoid special 
fixed wiring, a plug connection should be used for the cables. 
Undoubtedly, the most practical motor for farm use is the 
three-phase sqxwrrel-cage type. For farms of over 300 acres, 
the author favours three-phase power, 50 cycle, installations on 
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this account, coupled with* the fact that, *as soon as a public 
power supply is available, it is nearly certain to be three-phase, 
so the farmer who already has a private installation will not 
have to change his motors. 

The squirrel-cage induction motor can be used for practi- 
cally all the drives encountered in farm work. Having no 
brushes or collecting devices it requires no attention beyond 
the lubrication of the bearings. As a rule on a farm the machines ' 
to be driven, are started up at no load, so the conditions favour 
this type of motor. Considerable difficulty is frequently experi- 
enced with the installation of a suitable counter-shaft drive, 
owing to the fact that it has often to be placed in somewhat 
antiquated buildings. On some of the more up-to-date farms, 
counter-shafts fitted with ball bearings are employed, and 
arranged for self-alignment. While the counter-shaft arrange- 
ment is a simple and convenient device, the author has dis- 
covered that it is extremely difficult to get farm workers to 
carry out such a simple task as keeping the belts in order. This 
trouble is aggravated by the fact that the machines are not in 
constant daily use. Where counter-shaft drives are employed 
on farms, it would be a good plan to mount the driven machines 
on slide-rails, like those used for an electric motor, as this would 
save much belt trouble. 

Electric Motors compared with other Motors. 

The most complicated form of electric motor, is the type 
used as a generator for ignition work (more familiarly known 
as a magneto) on oil tractors and internal combustion engines. 
If attention to the magneto, were all that is necfissary to keep 
an engine in good humour, oil engines would long ago have 
displa(?ed manual labour ; but the electrical part of their equip- 
ment is the simplest detail and yet one upon which, relafively, 
the greatest stress is placed. Some measure of the reliability 
of the electric motor in hard service may be formed by con- 
sidering the proportion of troubles due to magneto defects to 
those caused by derangements in the other and more sensitive 
organs which go to form the oil engine’s injbemal economy. 
The complete induction motor contains only about half the 
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parts required in the oil engine’s nfagneto. In all machinery, 
reliability and upkeep) are largely functions of the number of 
parts. Hence the outstanding merit of the electric motor. 

The electric motor is very cheap in first cost, as might be 
^ expected from the fewness of its parts. *It does not require 
periodical expensive overhauls ; it never has to be decarbonised, 
and it has no valves to grind. To start it, all that is necessary 
*is to close the switch, a movement taking but a fraction of a 
second and requiring no real effort. It starts with certainty, 
there is no clement of chance, and no need for ])riming, swinging, 
adjusting carburettors and the like. In starting, or trying to 
start the oil engine, the only certainty is that under the most 
inconvenient circumstances it will give the maximum trouble, 
as in very cold weather. Again the life of the electric motor, 
because of its simple and robust construction is long -twenty 
or thirty years under average conditions. Consequently five 
per cent, or seven and a half per cent, is ainplc d(‘preciation to 
allow. It is not necessary to sell it off at half-price after two 
years, in order to escape the greater loss or heavy repairs, as 
has been recommended for oil tractors. But there is one other 
point upon which the electric motor surpasses all other motive 
agents, and that is, its instant and sufficient response to all 
demands upon its driving power. It has a high efficiency 
which is maintained throughout its life, and varies from 80 to 
95 per cent., according to size. It only takes sufficient current 
to meet the moment's demand ; it is consequently much more 
efficient in varying loads than any oil engine can be, no matter 
how well governed and controlled. Moreover, the overload 
capacity is^yory higli. An economical 10 horse powder oil engine 
will not give 20 horse power for even short periods, but a 10 
horse power electric motor will give 20 horse power or more, 
the specified overload capacity being usually 100 per cent, 
momentarily and^ 25 per cent, for half an hour. The steady, 
even turning moment of the electric motor gives the most uni- 
form results, and imposes the minimum strain on the machinery 
being driven. There must inevitably be far greater strain 
where the motive power is produced by a series of violent ex- 
plosions. Indeed, one has only to compare the tractive effort 
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curve obtained in ploughing^with an oil tractor, with that ob* 
tallied under similar conditions with an electjric plough to appre- 
ciate this fact. 
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CHAPTER V.' 

SYSTEMS OF OVERHEAD TRANSMISSION. 

Decimal Class, 621.319.22 
The problem of providing the rural areas with electricity 
at a price which the farmer and rural dwellers generally can 
afford to pay, is directly effected by the design of the transmission 
and distribution system. A large percentage of the price paid 
for electricity is accmmted for by transmission costs and a con- 
siderable proportion of the costs are independent of the carry- 
ing capacity of the lines. For this reason, the first cost of the 
lines should not be made unnecessarily high by insisting on an 
absolute continuous supply in rural areas and also on very 
small voltage variations. Again, many of the restrictions in 
Creat Britain surrounding the erection of overhead lines are 
more stringent than those which apply to other public utility 
services, for instance, the guarding which has to be erected at 
road and railway crossings is often a slu'cr waste of money, 
while the preferential treatment given to the Post Office tele- 
phone authorities, owing to their long established position, is 
a severe handicap to many supply authorities. As a result 
of a very close examination of the whole question, the author 
believes that the best method of getting rural lines erected up 
and dow'i>, the country, would be by the State arranging some 
form of long terra loans at low^ rates of^interest, since the lines 
cannot be remunerative for a number of years, unless a very 
intensive educational campaign is put into force. The State 
should certainly help in this matter, as it can afford to take a 
longer and broader view than that possible for private enter- 
prise. As a safeguard against this outlay, the authorities re- 
ceiving the loan should be compelled to undertake an intensive 
educational publicity campaign in the uses of electricity, and 
also to commence repaying the loan as soon as revenue permits. 
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It should be noted that this suggestion is father one of facili- 
tating finance and not a Nationalisation l^uestion. 

Way Leaves. 

This matter is a •v'ery serious one in the consideration of 
most distribution systems, and is one that must eventually 
react on the consumer. In most countries legislation is required 
to ensure that one section of the community is not penalised 
on account of the selfish interest of the few — who generally, ^ 
in any case, reap the advantage of enhanced value of their 
property. 

Until the passing of the Electricity Acts of 11)19 and 1922 
no compulsory powers existed in this country for acquiring 
w^aylcavcs, so that it was possible for one selfish landowner to 
hold up an overhead transmission scheme. This state of affairs 
was no doubt responsible for the backward state of Great Britain, 
as compared with other countries in the matter of overhead 
lines. It is not generally appreciated that a rental of one shilling 
for a ten inch diameter pole, represents £1,000 per acre ; hence 
those landowners who are obtaining 2/-, 4/- and 8/- per double 
pole (and there are many to-day) are doing pretty well — to put 
the matter mildly— for the land would not be worth more than 
£25 per acre for agricultural purposes. In France, they would 
get tw^opence half})enny and in (kTinany — nothing, per pole. 
It is difficult to fjel more than one shilling ptT pole, even in towns, 
from the Post Office Telephone Department. This is a case 
where experience over a long period assists considerably. It 
does not seem to occur to anyone that the presence of an elec- 
tricity supply line adds to the value of the land, the owner 
ought really to pay a premium to the enterprising erectors of 
the electric installation*. 

Layout of Extra Higli Tension Lines. 

The layout of the line only differs from the usual practice 
in that additional tappings have to be provided en route. Nor- 
mally, an extra high tension transmission line merely serves to 
link up the suj)er-power stations in two or more important 
cities or towms, tapping through sub-stations. Uiider conditions 
of rural distribution these sub-stations will be at more frequent 
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intervals and proba’^ly of the open-air type (and thus cheaper). 
It has long been cus^/omary to duplicate extra high tension lines, 
and advantage may be taken of this fact in new layouts destined 
to provide for any intervening rural demand. Actually it will 
often be found advisable to utilize two (or even three) distinct 
routes at some considerable distance apart. One route might 
be the most direct between the towns. The second (and third 
if required) should go through the centres of gravity of the 
anticipated rural demand. In other words, what is normally 



Fig. ^23# — Outdoor transformer oquipiiiont in French village. 


an auxiliary service for the city will become the main supply 
for the intervening area. At the same time, it is available to 
render assistance to that city in case of emergency. 

Distribution System. 

The layout is affected by the low tension voltage required. 
In the initial days of rural supply in order to reduce line con- 
struction cost^ it will undoubtedly be the practice to work 
with a greater voltage-drop during the day-time than would 
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be permissible for city woik. On the Ccjhtinent, low-tension 
supply seems to be settling down to 38(1 volts, three-phase, 
fifty cycles for power, with 220 volts between one phase and 
neutral for lighting ; whilst in Great Britain, favour is given 
to 400 volts, three plfasc, fifty cycles, for power, and 230 volts 
between any one of the phases and neutral for lighting. 



Fjg. 24. — Polo mounted transformer, as used on t*ho Continent. 

To maintain the above-mentioned voltagcB, the country- 
side has to be set out in circular adjoining areas of approxi- 
mately three miles (5 km.) diameter, each supplied from a 10,000 
volt sub-distribution system. At present a 25 to 50 kVA 
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transformer is ususflly sufficient foir each of these sub-stations, 
but the transformej, cax)acitie8 will have to be increased later 
on. Figs. 23-25 show different types of outdoor sub-station 
equipment in use. 

In most countries there is an avergf^e of 1| farms and 2 
other consumers i)er mile (1.6 km.) of low tension distributor. 



Fig. 25.- -Three-i)hase outdoor sub-station equij,>pod with 6,600/400 volt, 
4 wire traiisfomier. 


Each 10,000 volt transformer station will supply about 22 
farms and 30 to 40 other^ consumers, including motors totalling 
up to 300 horse i)ower. Though the load factor per motor is 
low, that per farm (the more important matter) is high, based 
on its maximum demand. It averages at present 35 per cent. 
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giving a consumption of 90^000 units perlannum, i.e., 43,000 
units per route mile of 10,000 volt distributor. 

At the present time, in Great Britain, tnree-phase overhead 
lines cost about £500 to £800 per mile ; cables would be about 
double the cost, incflidiiig laying. The author has put up 



Fig. 20* — British rural distribution line, erected by farmers. 

similar overhead lines for £200 per mile on private land in this 
country. In Sweden this work has been done for £100 per 
mile (the copper in the wires alone accounts for about £50). 
Figs. 26 and 27 show satisfactory rural lines, erected at a mini- 
mum of cost, by British farmers. 
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While threc-pRase distribution is the present accepted 
practice, the advari:age of single-phase distribution must not 
be overlooked. Mr. A. H. Heabrook has quoted £425 as a 
practical possibility for a single-phase cable, including laying. 
Or, with less severe restrictions tharf those at present, he 
considers it possible to do the work for about £350 per mile. 

Undoubtedly much can be done to reduce the cost of laying 
’ cables. For instance, there are mechanical trench diggers, 
* already in use on farms, which could well be applied to the 



Fig. 2^. — Close-iij) of tret' atta(;hiriont on British farm line. 

work. In (Canada, caterpilljir tractors*, hauling deep-cutting 
ploughs have been employed for cutting the cable trenches. 

Tlie Hydro-Electric (commission of Ontario use a standard 
farm plough ami a road scraper. By this means a trench about 
18 to 24 inches deep is made near the roadside. The ground 
is first of all broken with the plough and afterwards the road 
scraper excavates the trench to the required depth. The filling 
up is also done^by the scraper. At the Rugby Wireless Station, 
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the earth wires were laid hy a special plfcugh, on which the 
cable reel was mounted. I 

An example of Extra High Tension distribution. 

Assume two super-power stations, G ’’ and “ C,” situated 
fifty miles (80 km.) apart (see Fig. 28) and connected by a 110,000 
volt line. If the district was arable there would be an area of 
supply of about 2,0(X) square miles (IJ million hectares). On 
the basis of estimates made for city conditions, it would seem 
almost hopeless to think of attempting to supply such an area.* 



Fig. 28. — An example of extra-high-tension rural distribution between 
two generating .stations* “ (i ” and * C ** 50 miles (80 km) apart. The 
sides of the triangles represent distances of 25 miles (40 krn.). 

However, if the work is carried out on the lines suggested, 
basing the distribution on the run of the main roads, it will 
be found that an annual consumption of 90 million units (kWh) 
can be supplied by increasing the length of extra high tension 
line from fifty miles (80 km.) to 200 miles (320 Itm,). In addi- 
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tion, there woiild hsK^e to be provided five open-air sub-stations 
and 375 miles (600 Lm.) of 33,000 volt sub-transmission lines ; 
and 500 miles (800 km.) of 10,000 volt feeders to the local low- 
tension sub-stations. 

For the scheme set out in Fig. 28, c^ie extra high tension 
line would go by the shortest route between the cities and two 
others would also be provided. Of these, one would run parallel 



Fig. 29. — Sheet Steel and Angle Iron Transformer Tower. 

'im one side at an average distance of say 15 miles (24 km.) and 
the other a similar distance away on the other side. Thus the 
five 110,000/33,000 volt sub-stations may be situated at the 
< 5 entres of gravity of the local demands. In practice, the theor- 
etical diagram, would of course, require considerable modifi- 
cation, though the routes suggested for the three extra high 
tension lines will be found to be characteristic. On approach- 
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ing the towns, the density * 0 ! the population and the demand 
for an electricity supply will mcrcase. Also the distribution 
of the arable land will not be uniform. This may necessitate 
a modification of the position of the sub-stations. 

It is assumed t!iat the low-tension distribution network 
(380/220 or 400/230 volts) will be supplied by the local commimi- 
ties. Hence the power supply undertaking would have to consider 
only the costs up to and including the 10,000 volt sub-stations. < 

Such a layout only requires one mile of extra high tensioi^ 
110,000 volt line per 30 square miles (19,200 acres) of land 



Fig. 30. — Standard Danish 10,000/380 volts Transformer Tower, 

• 

(or 1 km. of line i)cr 5,000 hectares), plus a mile of ^3,000 volt 
line per 8 square miles*(5,120 acres) of country (or 1 km. of line 
per 1,030 hectares), plus a mile of 10,000 volt line j^cr 0 square 
miles (3,840 acres) of ground (or 1 km. of line per 1,000 hectare). 
Ample provision of 33,000 volt lines is suggested, with a view 
to the supply of the ploughing and threshing loads. Though 
the layout is hypotlietical, it is based upon actual practice. 

It is assumed that the economic range of a 10,000 volt 
line over a distance of 12 miles (19 km.) is to 650 kVA. 
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Also that 33,000 vofcs is an econoAic voltage for transmissions 
of 25 miles (40 km.) for quantities of power in excess of 800 kVA. 

Details that reduce the cost of overhead lines. 

The rural lino is similar in costs ar^^ construction to the 
lines required for any other purpose. The matter that requires 
careful watching is to so design the line, that most of the con- 
struction work on the poles, insulators, etc., can be done in the 
factory and not on the roadside, where labour is so much more 



< Fig. 31. — Transfornu'r Wagon. 

costly. Further, poles of a circular or polyhedral cross-section 
are to be preferred, since much time is saVed if the poles have 
not to be aligue(,l to match the lie of the conductors. Insulators 
and their cross-arms should be so designed that they can be 
clamped on the pole tops without any special drilling or similar work. 

The high cost of tapping of the extra high tension lines 
at intermediat6\ points is perhaps the greatest difficulty. It is 
receiving considerable attention at the moment. Undoubtedly 
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the bejst plan is to provide a^ub-transmissitp line at, say, 33,000 
volts, connected at both ends to the extrji high tension lines, 
giving in effect a ring main. From this, 10,000 volt feeders 
can be supplied for the 50 kVA sub-stations at 3-mile (5 km.) 
intervals along th(^ rural routes. One advaiitage of this 33,000 
volt sub-transinissiou is tliat wood or ferro-concretc y)oles of 
a simpler charact(?r can be (UTiployed. Further, it reduces the 
tapping points from the exira high ttmsion lines themselves to 



Fig. 32. — Ta])ping liigJi tonsioii linos. This c(piiprnont is iftod on lines 
^ iiX^ to 2r>,0()0 volte. 

a minimum. Very often it is advisable to era])loy intermediate 
distribution lines at 1,500 or 3,000 volts. 

Maintenance work is much cheaper if the cural sub-station 
transformers are mounted at the level of a lorry platform (see 
Fig. 29). Incidentally this illustration shows a very effective 
form of portable combined tower and transformer station as 
used in Denmark. It is constructed of galvamised angle iron 
and flat sheets^. J^ig. 30 shows the general external appearance. 
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Temporary Connectidbs. 

Heavy loads which move from farm to farm or field as the 
work is finished are probably better connected to the 33,000 
or 10,000 volt lines than to the low-prcssiir/^ distribution system. 
The switches, protective gear, meters, etc., would of course, 
be contained in portable transformer wagons, as is the present 
practice. (Figs. 31 and 32). 



Fig.33. — Working diagram of a 3,300 volt A.S.E.A. 

Pole jContact for Farm Portable Transformers. 

On several parts of the Continent it is permissible to connect 
these temporary loads by hooks on to 33,000 volt lines. In 
theory this hardly seems a good method, but the plant is always 
in charge of a skilled man and in practice the method apparently 
works well. It has the advantage that any convenient point 
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on the high tension line can Ibe tapped. However it is probably 
wiser to provide, as is done in other districts, extra insulators 
and poles for temporary tappings. 

Excellent foolproj)f temporary connections are now avail- 
•able for 1,500 to 3,000 volts and also 10,000 volts. These can 
easily be used by the more intelligent farm hands (Fig. 33). 
Their use means a considerable saving in transformer iron-losses, 
the transformers being cut out of circuit when not required. 

On ‘the farm itself the current is best taken through a meter * 
and main switch (protected either by fuses or automatic features) 
to an overhead main surrounding the buildings, and forming 
in fact a ring main round them. Current can then bo taken oif 
at the points most convenient with the minimum of internal wiring. 
As so many farm buildings ^irc of a considerable age, it is imperative 
to keep all main distributors well outside them, if at all practicable. 
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’chapter VI. 

ELECTRO-FARMING IN OTHER COUNTRIES. 

Decimal Class. iVM) : 621.3 (404)9 )• 

Germany is one of tlie most advanced countries in the 
World in the a[>plication of electricity to agriciilt lire. According 
to the re'port of the Cierman delegate at the rc‘ceiit World Rower 
ConfereiK^e at Rasle mon^ than 90 p(‘r cent, of the farmers, 
whose farms are in an clc^*trified area, use electricity and iluring 
1925 consumed about 1,030 million units (kWh). During the 
threshing period, for instance, the maximum load is about 
400,000 kilowatts. The total annual consumj)tion per head of 
popidation in Germany is 180 units (kWh), while the iigure 
for those in agriculture is as high as 50 units (kWh). Tliore 
can bo no c[U(\stion but that the co-operativ('. idea lias done a 
great deal to bring about this state of affairs in rural (Jennany. 
Thes(^ Co-operative Societies purchase electric energy in bulk 
and distribute it to tlu'ir members. In 1901 there was but 
one rural co-Qperative society in Germany, but during the 
following years, owing to tlu' excellent work which th(^ pioneers 
of this movement c-arru*d out, their growth was phenonKmal. 
In 1909 there were 82 societies, in 1911, 300, wlien^as to-day this 
figure* has more than doubled. Before the War the Govern- 
nuuit ai(h*d these societies by giving cheaper credit^than that 
usually given to similar organizatiojis, but this was stopped 
during the War and has not yet been resumed, however, it is 
expected that in the near future some form of Government 
help will be given. The high tension lines are diearly all ow^ned 
by the Supply Companies. The low tension lines, however, 
are almost entirely financed by the Co-operative Societies, who 
also pay the transformer charges. 

Electric ploughing is on a sound commercial basis in certain 
districts in Germany. Perhaps the reason for this is that steam 
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ploughing had been carried on, on rather an extensive scale, 
for a number of yeaA and it is not a difficult matter to demon- 
strate the great advantages of substituting electric motors for 
large steam traction engines. The rnotcjr load is by far the 
heaviest in (Germany and domestic heaters, potato boilers and 
silage plants appear to be of far less importance. It is strange 
to find that in spite of the many applications to be found on 
German farms, the electric milking machine appears to play 
*a very small part. German agricultural engineers are respon- 
sible for a number of very novel applications. A tipping tank 
for the preparation of cattle fodder during the night is certainly 
one of these. German engineers estimate that the annual 
demand would be increased by a 1000 million kilowatt hours 
if the fodder for only a quarter of the pigs in Germany were 
electrically prepared in this way. Another novel application 
is the hot water steeper for seeds, which is due to Doctor Tamm, 
this equipment is only in the initial stages of development as yet. 

France. The French Government has given considerable 
aid in extending electric j>ower to the rural districts. The 
main reason for this, is, no doubt, the diminishing supply of 
labour and a desire to imi)rove conditions in the rural areas 
so as to attract a better class of labour back to the land. Also 
it is the countryside uhich produces the healthiest recruits for 
the army. If some such stej) is not taken, it is (^lear that there 
is a serious risk of the French agricultural industry declining 
in importance and ])ros])erity. During the past 25 years there 
has been a steady drift of the rural population to the cities. 

The State has given assistance in the form of grants to 
rural associations and farmers, and also long period loans at 
a maximum interest of 3 per cent. In 1923, 600 million francs 
was voted by Parliament for this purpose and departmental 
and local authorities are also assisting by granting loans or 
covering working deficits. Lectures are being given in schools 
and in villages explaining the practical value of electricity for 
farm work. 

A great deal of attention is being paid to electric ploughing. 
The most popular equipment at present is the modified double 
rope haulage system. A very unusual type of small electric 
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plough is to be seen in some of the French vineyards. The 
design is most ingenious, for on the front a guide is provided 
which, when it comes into contact with any vine stems, diverts 
the plough-share, thug avoiding damage to the roots. 

One of the most important applications of electricity in 
Central France is the use of electric driven pumps for irrigation 
purposes, and it is of interest to note that the value of the land 
in certain districts has been increased from nothing up to 30, OCX) 
to 40,000 francs per hectare by irrigation work. 

The French agriculturists have also carried out a consider- 
able amount of electro-culture work over a period of many years, 
Tests have been made with atmospheric electricity, static elec- 
tricity, low voltage, high voltage and high frequency currents. 
According to recent reports, the tests with high frequency cur- 
rents appear to have given the best result. 

Italy. Thirty years ago, the subject of electro -farming re- 
ceived a good deal of attention and a number of experiments 
were then carried out, but only during the past twelve to fifteen 
years has any serious attempt been made to educate the farmer 
concerning the x)ossibilitie8 of electricity. The entire Valley of 
the Vo is probably the most advanced area in the whole of Italy. 
Practically the whole of the farmers in this area have their 
electrical installations. Drainage and irrigation work arc th(' 
most important* tasks to which the eletitric motor is adapted, 
though in a number of cases large threshing machines are driven 
by electric power. Electric current is also used for many other 
minor operations such as rice drying, forage pressing, cheese 
working, chaff cutting, olive pressing, etc. Italy, like many 
other Continental countries, has found that, thougli electric 
power may be availabl<sj, the important question is, how to 
form the most effective organization to bring the producer and 
power consumer together. The general solution arrived at, in 
the interests of economy, is that it is essential for a number of 
consumers to get together and form a co-operative society for 
the purpose of purchasing collectively both power and equipment. 
There are a number of these societies in existence in Italy to-day. 
Without doubt the most interesting of these ^s the Societa 
Co-operative Italiana Agricoltori Meccanica Elettricisti, which 
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is operating in the iloman Campagha. In 1914, Ing. Alessandro 
d’Ascani, who had done a considerable amount of pioneer work 
previous to this time, proposed to the Municipal Electricity 
Undertaking of llom(i that it should construct a special 
distribution line of ten kilometres in length, which would be 
used for demonstration purposes, and at the sam(j time provide 
the farmers in the j)arti(uilar district with a supply of power. 
The first attempt proved a failure, but in 1915 Ing. d’Ascani 
built lines at his own expense, the Municij)al vSupply Under- 
taking providing him with the power. His enterprise grew^ 
rapidly and has now^ become a very strong co-operative society. 
The society ow*ns over 150 kilometres of high tension lines, 
00 kilometn^s of low tension lines, and over fiO transformer 
stations. Bt'side owning and operating the transmission lines 
and the equipment, it also owns small tracts of land which arc' 
utilized for demonstration purposes. Another co-operative 
so(ucty, known as Anonima per rElettro-Agricoltura, was 
organised in 1920 to take ov<t a number of experimental plants, 
w^hich had been installed by a group who wen^ anxious to in- 
vestigate th(‘ possibilities of electricity in agriculture. This 
Company has a viuy large (‘ax)ital and has (Toct(‘d many miles 
of transmission liiu's. Further, it owns a gwat deal of valuable 
equipment. In this way it is able to offer the farmer all the 
advant-ag(vs obtainable from the use of electric ^eurrent without 
asking him to go to the exptnise of a large capital outlay on equip- 
ment. The Com])anv rents its equipment for ploughing, harrow- 
ing, })umping, threshing, et(‘. It owns sixteen electric ploughing 
outfits and during the year 1923 17,544 acres (7100 hectares) 
were ployghed for varic^us customers. 

The Government, with a view' to increasing the food supply 
of the country, have taken a hand in encouraging the farmer to 
utilise ek^ctricity. In 1919 a decree was issued wliich provided 
for the granting of special subsidies for agricultural transmission 
lines. The Government also contributes a certain percentage 
towards the cost of construction of certain new’' pow er stations. 

Russia. Seldom is anything heard of the position of Electro- 
farming ill Ryssia. However, it should be pointed out that, 
thanks to Lenin, not only are there more electric ploughs at 
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work in Russia to-day than ih any other country in the World, 
but the largest electric threshing machines are also to be found 
there. The largest of these threshing machines require about 
160 horse power to operate them. One of Lenin’s great ambi- 
tions was to see the whole of rural Russia electrilied. He realised 
that his country could not hold her place in the world under 
whatever form of government she might be, unless she had the 
mechanical equipment for developing the natural resources of 
the country. Lenin, however, was no coi)yist ; lie believed in 
the wisdom of leading rather than following. After consulting 
with experts in the various branches of tlie science concerned, 
he decided upon a policy of electrifying many of the rural areas, 
and a special Commission was appointed to study and deal 
with the applications of electricity to agri(‘ulture. 

The importance which has been attached to electrification 
by the Russian Communists can be gauged from the remarks 
recently made by Zinoveiff at a Ho vie t Conf(‘r(^nce, wlum ho 
stated, that the importance of electrification as the technical 
basis for Socialism in Russia was so great that without it a return 
to Capit alism in Russia was i ncvitabl(\ There can b(‘ no doubt that 
thenation-widedevelopmentofelectricservie-eand the usiiof modern 
electric equipm<‘iit in farms and factori(*s will be a v’^ery potent 
agency in bringing Russia out of her social and industrial chaos. 

Sweden. The position of Sweden as regards eleetricity and 
agriculture was very clc'arly stated by Doctor FCkstroin in his 
recent paper before the Institution of El(*ctrical Engin(^(‘rs.* It 
might be remarked that Doctor Ekstrdm has been engaged in 
rural electrification work for the past twtmty years and is 
the owner of a 500 acre all-electric farm. One of ^he most 
important points mentioned by Doctor Ekslrdiri was, that rural 
electrification is being carried out in Sweden to-day on a fairly 
large scale, because it fi a paying proposition. Swedish engineers 
admit that large sums of money have been sprint in the past 
on a number of rural electrification schem(?s, from which no 
adequate return was received, yet as Doctor Ekstrom remarked, 
they wore simply paying for their experience. 

* Twenty Years’ Practice in Rural Electriticutipn.” Alfred Ekstrom, 
D.Sc., Ahlby Farm, Fittja, Sweden. 
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While electric ploughing is not carried out on a commercial 
basis in Sweden, yet one of the most practical forms of electric 
tractor ploughs is constructed in the country. 

The water power of the country has been developed by the 
Royal Board of Water Falls and the Soilbh Swedish Powder Co. ; 
both undertakings have taken an active part in the electrifica- 
tion of Central and Southern Sweden respectively. The capital 
required for the construction of the rural distribution lines in 
the area covered b}^ the South Swedish Power Company is 
arranged for by Co-oj)erative Societies and consumers in the 
district, who arrange for loans to be made to the Company 
from local Savings Banks on very favourable terms. The 
raising of money is the only function of these societies, as the 
Company carries out all the construction work and is responsible 
for upkeep and management. A similar i)rocedure is carried 
out by rural customers in the area supj)lied by the Royal Board 
of Water Falls, but in the case of the Board, the sole right to 
build the local distribution lines and the management of the 
supply is handed over to the Co-operative Societies. One of the 
cliief uses of electric power is for irrigation, though the majority 
of farmers using powder driven machinery, either large or small, 
are taking advantage of electric power. Considerable interest 
has also been taken in the pre])aration of silage and the drying 
of grain by electricity. 

A recent estimate, by the rural electrification expert to the 
iSwedish Department of Agriculture, showed that 3,700,000 
acres of arable land in Sweden had been electrified. This is 
about 40 per cent, of the total arable land of the country and 
represents over 52,000 farmers. 

The Netherlands. The Netherlands is commonly looked upon 
as the land of wdndmills and canals, while the existence of her 
intensive farming is not often noticed. Though the consumption 
of electricity on the farms is not great, very determined efforts 
are now being made to supply all the rural areas wdth electricity, 
particularly as the electric pumping of water is of such great 
importance. Farm practice differs somewhat to that usually 
found in other countries. For instance, rarely are any large 
scale dairy operation^' carried on at the farm, as all this work 



ELECTRO-FARMING 


93 


is concentrated at the creameries, many of which are electrically 
operated. The load required by the creameries is one that is 
eagerly sought after by the central station authorities. The 
following table shows the desirable features of this load, for it 
will be noticed, the Summer load is heavier than the winter 
load. This, of course, is due to the fact that deliveries of milk 
are only made to the creameries once a day during the winter 
months. It will also be seen that the loads fall off before dusk 
and oven the larger deliveries in the summer months are dealt ^ 
with during daylight hours, i.e., at a time wheji the central 
station needs it. 


Table XI. 


• 

Units (kWh) per mouth. 

Maximum Load. 

Evening. 

Day. 

January 

1444 

2.44 kW 


February 

1351 

2.88 


March 

1448 


19.04 kW 

April 

2840 


28.18 „ 

May 

4443 


26.80 „ 

June 

5607 


28.94 „ 

July 

5868 


28.18 „ 

August 

5548 


20.10 „ 

September 

4746 


27.87 „ 

October 

1885 


17.82 .. 

November 

1557 

2.13 „ 


December 

1431 

2.44 „ 

» 

Total 

38,1*68 




Threshing and straw pressing is usually carried out by 
Co-operative Societies or large contractors who use 40 horse 
power portable motors for this purpose. Electrically operated 
hay and straw elevators are to be found in nearly all the larger 
bams (rarely is hay and straw stacked out of doors in this 
country). In fact, the open-sided, roofed structure, known as 
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a ‘‘ Dutch Barn ” in England, is unknown there, though a small 
rising and falling stack cover is sometimes used. The remark- 
able thing about Denmark and Holland, is that in such flat 
countries, with so many more days of wind than other countries, 
the electric motor is slowly but surely (ttsplacing the windmills 
on which so much capital has been expended. For many cen- 
turies these windmills have provided the power needed for 
drainage, etc., but it appears certain that when electricity is 
available throughout the whole country the electric motor will 
take its placst', and the windmill will be seen no more, except 
as an ornamental relic of the past. 

The author has had the privilege of visiting a number of 
electrified areas in the Netherlands and in practically all rural 
areas, he found that the farmer did not consider 3d. to 4d. per 
unit (kWh) too high a price for the convenience of elect ri(^ service. 
On the other hand, the central station engineers whom he met, 
app(‘ared to b(* of the opinion that the use of electricity in agri- 
culture was, from their point of view, a valuable develo])ment, 
as they found it a comparatively simple matter to kticp the 
farm motors off the ])eak load of the (*entral station The 
sizes of electric motors found on the farms are in general 
from one to five horse ])ower, whik' the windmill hous- 
ings arc‘ usually equipped with 20 horse pow(T electrics 

motors. Great efforts are being made to provide all the farms 
with a supply of electric power and it is* estimated that 

an electric servi(;i^ is at present available to farmers in over 
00 per cent, of the agricultural areas, in tlu* Haarlem Polder 
district, 100 })er cent, of the farms have a su])ply. 

Switzerland. While it is true that the current consumption 
in Germany is higher per hectare than in any other country in 
the World, yet in Switzerland the consumx)tion j)er head of the 
agricTiltural population is equal to that^ of Germany, viz., 50 
units (kWh). There arc in Switzerland over 300 hydro-electric 
power stations producing over 3,000 million units (kWh) per 
annum. The part which electricity plays in the life of the Swiss 
people can be gauged by the fact that only 2 per cent, of the 
j)opulation are without a supply, the consumption per head of 
population being 450 units (kWh). There is no doubt that 
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Switzerland Jeads all other Countries in tht* diversity of ajipli- 
eat ion of electricity to agriculture and it is only in those coun- 
tries where grain cultivation ])redonii nates that tlu' total eon- 
sum])tion excoe<ls that of this country. Strangt^ to relate, it 
has not been ]>()ssibl(‘ t(? induce the Swiss farmer to adopt electrical 
milking machines to any great vxtcni. The r(‘aso!i given by 
many foJ‘ this, is that the farmer is still sceptical about the 
etfect of the machine on the cows. A great d(‘al of use is made 
of ek‘e1rieitv in the pr(‘])aration of eider and in the* ])ri\servation 
of fodder and fruit and ]>articidarly in the di'ssiccation of fruit. 

Japan. A few' years ago Japan found herself in such a 
position that it was essential to develoj) some form of j)ow(T 
for cultivating the land in order to ])r(>vide suflicient food for 
the (‘ver-growing po])ulation, Avhieh was iiuTcasing at the rate 
of about ()50,(KK) ])er y(‘ar. A solution of tlu' ])roblein was 
look(‘d for in two dinotions. Firstly it was (‘sstaitial to tind 
a means of increasing the ar(‘a of land under (uiltivation and 
th<* onl\ possible way of doing this was by reclaiming large 
tracts of destTt land, an<l s<‘coiHlly th<‘ ]>roduction on the land 
already (‘ultivated would ha\'(‘ to b(‘ incr(‘as(‘d. Fkotrie motors 
}»av(‘ introduced for ])umping ajid irrigating tlie jeclairned 
arc‘as. Jaj)an was also faced with a similar problem to that 
of the majority of all (‘ountri(‘s, i.(‘., a shortage* of agricultural 
workers, owing to Hk'; drift to tlu* towns during and after the 
VVai . ( V)-o])erali\ c (hiilds. Land lmpro\'em(‘nts and Ii rigatiou 

Associations have* b(.u*n foiiu(*el in eliffe‘rent districts, and theses 
associations gemerate (*le*etricity, purchase maehine‘rv, and (*re*ct 
and e‘quip pumping stations for the* common use*, of the‘ir mem- 
be‘rs. For mstane*e*, eine asse)e*iation owns a penve'i* statiem W’hie ii 
has a ge*ne*rating capae*ity of I ,S00 horse pow(*r. Flee tric ])e)W'e‘r 
is now^ gene?rally ust‘d for threshing, hulling and jiolishing 3‘ice. 

Ele‘e*tricity is be*ifig use*ei on an exte*nsive* scale* for silk cul- 
ture* which is an im])ortant inelustry with Japaiu*se farmers. 
The* principal uses are*, o])en‘ating tvfrigei’ating juachincs in 
which the* silk-wonn <*ggs are stor(*d ; ele‘ctri(.* h(‘at fea* hatching 
the silk-worm <>ggs ; ele*ctrie*. heating e>f the^ silk-worm roem^.s 
in the Spring and e‘k*ctric ventilatkm during the* Summ(*r montlis. 
It is elaiiiH'd that when silk-worm eggs are hatched in electric 
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incubators the silk-worms ^row mftdi <[uick(:*r and the cocoons 
iirc moiv pro:luctiv(‘. Another interesting a])])lieation, which is 
finding favour with th(‘ Ja]>an(*sc farmers, is the use of electric 
light for killing moths in the rie(‘ held. Before the introduction 
of electric light for this purpose, paratliu^ lamps had been used, 
but it was found that tfie number of moths caught was propor- 
tional to the intensity of th(‘ light, thus electric light is rephuung 
the oil lainps, wluu’evcr th(‘ farmer has a supply of eurrent. 
Ele(‘trie fans are ocaeisionally used for drying mnlberT\ U‘aves 
after the rain, as the silk woims an‘ liabl(‘ to bei onu' ill after 
feeding on wet lUtdhTrv leaves. 

Eleetrieitv is also used in the ]m)duction of tea, elii(dly 
for luxating, st(‘.{iming, washing and drying, and it is elaiuied 
that th(‘ quality of tlie tea is improvcHl owing to ihv ahscuice 
of gases, whi(*h w(‘r(‘ always pi\‘sent uudt‘r the old-Fashion(‘d 
jnethods of ehareoal drying. 

Canada. IVovi \ee of Ontario, whieh is the most 

extensively <‘l(*eti'i1k‘(l Ik’ovincH* in the eountiw , might be takem 
to show^ the [a’ogress tlial is being mad(‘ in the (| nest ion of ele(*tro- 
farmiiig in ('anada, thougli uidortunat(‘ly the* matter has been 
treated rather as a ])oliticai than a piaetical one. Thc‘ Hydro 
El(‘(drie Power (\)mmission of Ontario serves about 11, ()()() rural 
customers in Ontario and covers an area i)f ovi‘r l,4(U) uiiles. 
While the ( Commission sells all eurrent at wholesak' rates 
to th(^ eitic’S and towns, it has been found that th(‘ naidering 
of a direct service to rural customers, is tlu^ mosi economic 
and sat isfa(*tory imUhod. During tlu^ year Ibll legislation was 
enacted, witli the obj<‘ct of gi\iiig a su])ply of i‘lc‘etrieit \ to 
th(\se rural customers. It was attcaupled largeh In means 
of (‘xtending the transmission lines of the mimieijiality and 
supplying the rural eu.stouuTs at rates and etharges similar to 
those in the town or city, 'riiis method howiner was found 
very iinsatisfactorx owing to th(‘ injustice to those consurmus 
who were situated at soim* (listaiuM* fnaii the t-own. N('w k^gis- 
lation was introduced in hy which authority was given 

to the Power ( Vunmission to serve rural customers direct. I’lider 
this arrangement districts were grouped together and current 
ivas siqiplied at a standard rate to those witliin the district. 
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At the pr(‘SL‘]if tinK‘ 1 iiere alH)iil a lniii(lreil of tluse rural 
(listriets fonued. In 1921 further legislatitui Avas ])asse<l Avith 
the object of bi iiigiug electric si*r\ i(*(‘ witJiin the rcacli of all 
rural dwellers. The (h)V(Tnment, under this Act, gav(‘ a Ikuius 
of 50 }3er cent, of tlu'*cost of certain types of rural distribution 
lines, and in 1924 A\(‘nt one step fiirtlau’ and pa.ssed a iu<‘asure 
AvhtTcbv they uoav [)ay 50 per cent, of th(‘ cost of (‘onstriution 
of all rural lines. 

Charge.-^ for po\A<‘r are niad<‘ u]) of two ])arts, a service 
charge, and an energy charge. The scr\ii*(‘ charge* constitutes 
the greateT ])art of the* cost and includes o])(M*ating, inaintcnan(‘e 
and tixed cliargcs on the liiu's and (‘(|uipinent and av(Tages 
about sixteeui shillings (four dollars) per month for faiau installa- 
tions tliougli, of course, this (*harg(‘ varies A\ith the distri(*ts 
and with the* class of service*. The poAA'cr (‘hargt* is dividcal into 
tAVO ])arts. Th(*rc is a charge varying from 4d. to I .Id. per 
unit (kWh) for the first fourt<‘(*n hours use ]K‘r month, an<l 
for all otht*r nmiaining ns('s. a maximum (diargc of Id. pia* unit 
(kWh). Iktoro a rural seiw ic‘e is eomimuietMl, mtensivi* ]>r()])a- 
ganda is (‘ondiu t<*d among t hi* prospi'etive eiistouKUs. Many 
meetings are held to explain tlu* advantages of using (dcndricity ; 
the cinematogra])h is made usi* of to show farm appliances driven 
by electric ])ow<*r, and li(*ld demonstrations are often ai\'en in 
the area. 

About one-third of th<* rural lines ui Ontario an* thrci*- 
phas *, and about two-thirds single-phase. (lc*n(‘rally sp(‘aking, 
400 volts ANith a n(*utral earth is use<l as a standard, d'lu* joint 
use of ])oU's A\ith tin* t(‘l(‘j)hone eoDijianies is still ])raeti.sed, 
though a considerable amount of trouble is (*xperi(‘need in tlu‘ 
eA'ent of aii aeeid(‘nt. as tlie jiower wires an* plae(*<i abo\<* tlie 
telcphom* wires. I 'iidergrouud cables an* substituted wlu're 
trouble is experienced* ill obtaining w’ay ]<*aM*s, or wlicu Tun- 
ing lines through congested areas, as these Iu^m* be(‘n found 
cheaper under these sptH*ial conditions. Tlusi* in cIom* tou(*h 
with fai'Uiers in this Provine** state that a rural s(*rA le** lia.^ liad 
an appreeial)l(* elTeet on the develojmient of agi‘i<'u]t un*. A 
cheap and abundant sup])ly of electricity lias niad(* farm lib* 
brighter and fai* uTore attractive. In nearly all tlisl riels tin* 
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rural load has grown rapidly. This is fairly well demonstrated 
in ()5 of the districts whiuv the seiviee charge has decreased 
from 5 to 40 [H*r cent. In Hti of the districts in the Niagara 
area, the load ijiereased from 0.5 to 512 p(T cent., an average 
inereas(‘ of 49.1 ])t‘r cent, during 1924.* 

The United States of America. Statistics relating to the 
])ower availahle oji farms in the Unitefl States have be(m pub- 
lished recently by th(‘ United States Department of Agricul- 
ture. Tht‘n' are, at the ])n‘S(‘nt time, ap])r()ximat(‘lv 
l(>,000,t)00,000 hors(* ])<>wer hours utilized annually. Animal 
])ower furnishes about 01 per ecmt , tractors 10 per (uMit., motor 
trucks slightly less than 4 per cent., stationary engin(‘s 12.J 
])er cent., windmills slightly over 1 per cent., arul ('lectrie ])ower 
5o per C(Mit. , 

As long ago as 1900, (‘lectricity v\as to a certain extent 
being ap[)lied to agriculture in California and tiv(‘ years ago 
it was stated that then' wen' no l<*ss than 95.000 (‘lectrit* motors 
installed on (^difornian farms. 

It was in 1922 that America as a nation started to 
fa<'e th(' ])ro])lem of applying ('lectricity to agriculture, and 
during this yc'ar a National (’ommittec on the Rtdatiou of 
Ek'ctj icit \' to Agriculture was formed. Its nu'inbers were, 
drawn from the American Kami Bureau Ki'deration, the American 
Society of Agricult lual Engineers, th<^ National Electric Liglit 
Association, and the K('deral Depar-tments of Agriculture, 
(;omm(*ree and Intt'rior. Tlu' objt'ct of this (V)mmitt(‘e was to 
(‘ticourage and assist tlu‘ various Stat(‘s in the organization of 
(committees for tlie study and solution of tluar particular prob- 
lems of farm ek'etritieatiou. 


Ex{)('rinu‘ntal work has since ])e(‘n earih'd on, and in 
January of this yi'ar a joint report of llu' 4 ^)rogr('Ss in the follow- 
ing twenty states was iss\ied : - 


Alabama 
< 'alifornia 
Idaho 
Illinois 
Indiana 


low a 
Kansas 
Michigan 
^ Minnesota 
Nebraska 


New Ham|)shire 
New 55 irk 
Ohio 

Oklahoma 

Orc'gon 


South (5irulina 
South .Dakota 
\'irginia 
Washington 
Wisconsin 
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The j^ractice of these I'oininitteos has betni to approach 
farmers along the lines which wen' being laid down and to invite 
their co-o])eration, so that data could be the more easily eollta-led. 
In most of the State's (‘V])erimenta.l lines of an av('rag(* l(*ji<!;tli of 
six miles have been constnieted. Figures from Alabama ser\'(‘ to 
show how well the idea of t'lectrieity has Ihhui r(‘cei\(‘d once tlu‘ 
lines were installed. A two years’ re])ort of progress in this 
State shows an ineri'ase in mileage of rural lines of over IIOO, 
accom]janie<l by an increase in rural customers of from 240 
to :bboo. 

Poultry farming experinumts hav(‘ been carrit‘d oiit intwc'lve 
different State's. Kxpc'i inH'nls are being c-cniducted in tlu' Stat(' of 
Oregon for th(‘ purpose of <l(‘t.ermining how much a larnu'r caji 
affonl to investun (‘(piipmcnt for lighting 1h(‘ poultry lioiiscs with* 
out the capital charge being gn'ater than th(‘ gain justifies. Re- 
sults in th(‘ Wasliingtoii Stati‘, indii*at(' that j)roii1 in tlu' jxuiltiy 
businevss th<‘r(‘, depends ujxm the k<*(‘])ing of large* flocks and 
<‘\])tTiments are proc('(‘fling to d(*te‘rinin(* the' largi'st coinnH'i’cial 
flock OIK' man can take* care of. 'riic pTOTuiiU'nce* of flu* day 
old chick hatclici'v business in the* Slate's, make's the' weak of 
the' Tneliana, Kxpe'rimcntal Statieiii with incubate)rs of b, 12 ajiel 
15 lhe)usanel egg capac.itie's, impe>iian1. In New nam])shire, 
ritra-\'iole't ray e'xpe'rime'iital weirk is be'ing elire'cte'el towarels 
the' curing of le^g we'akne'ss in e*hicks. 

'The' c'hie-f e‘vpe‘iime*nf.al work e>n dairy farms, fe>r the* past 
;»e'ar, has ne)t be'cn so larg(‘l\ elire'e-teel te)wareis le'sts e>f tlu' e'ejuip- 
nient as towanls the making e)f rece)rels showing eiperatiem e'osis, 
e;‘ne'rgy ceinsvimpf iem, e'tc., e>f milke'rs, re‘frige'rate>rs, sterilise'rs, 
sejmrators, e'tc. ()th(*r branches eif Aveirk which arejn'ing in- 
ve'stigateel iiu'lude clip]Mng anel greioniing eif animals, ele'hyelra- 
tiem of fruits, grineling, fi'rtilizeT mixing, fruit sjiraying anel 
grading, hay bating cfnel he»istiug, irrigatiein, se'e'd ge'iininal i(»u 
and eleime'stic a})plicat iems. ^ 

Tt is noticeable that the experimental weak in America 
lias been unelertaken with a praise-wort by 1 luiremgbiu'ss, Imw- 
e'ver, semie time is being lost as the same ground is being 
cove'reel that has hee'ii ])revie)usly explorcel on^this siele, l>ut 
])re)bably the varying conelitiems make' this wise'. 
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Arnerioari Powct T'ornpanies arc fully aliv(‘ to tho poss;- 
l)iliticK of llu' ruial load as is (‘viiicrd hy the lil(*raturo tliat they 
have distrihutiMl in tlu‘ir idfort to secure it. 

New Zealand. At h^ast 35 per cent, of lla* fanners of 
N<‘\n Zealaial luivt' an electrical sup])l\ availal)l(‘. ( onsiderabie 
ns(‘ is made of vvatin* power ludh for public and ])rivat(‘ ^eiUTutin^ 
])lants. 

Altiioiigh elec'lric motors ar(‘ install(‘d to drive threshing 
inaehiiH's, eliatf eutt(‘rs, food orinding rnaehiiu\s, cashing 
mael»int‘s, silos, v\r., ])y far and away the larg(*v inunlxT of 
farnna's who ns(‘ (‘lectricity an* employing it in tho dair\ . Tliert'. 
is also a consid(*ral)lj‘ load derivial from da!r\ ])i‘odiiets fac- 
1ori(‘s. It is llu'R'fon*, not surprising that the* varif^iis l^)W(‘r 
Boards liavt* special tariffs for tfuar flairy farni(‘rs. Tin* I'ates 
c.harg(*d b\ ih<‘ Danevirke Klectric Powia’ lh)ard are typical 
of what, prevails in the countrv . "ria^ rales for (‘let'tih* motor 
dri\'<‘n milking mac-limes ar(‘ 1*5 per yt'ar ])(‘r horsi^ power of 
conn(‘cl<‘(l load plus 2.ld to Ibl. pet' unit (kW h). Tliis nuwtns 
that for milking ahme eleedrie power works out at about ttut 
shillings pm* (‘ow* por \ear, but agaitist this must b(‘ s(‘t the fact 
that oiu* man and a bo\' eau attend to the mill<ing of from forty 
to sixty laaid of cattle, 

Australia. Follow ing m\ (‘Stigal ions in October Ih;23, tlio 
\5et(U’ia State Fhxdrieit Commission inaugurate*^! what is known 
as till* \'allourn Sch(‘me s(*i''jng the Tyers ri\(*r district lU'ar 
'rrai’algon. This seheam* was d(*V(‘lop(*d in thi* inteaests of the 
rural load, and hy the lH*giiming of lb2(> ninety ])er e(*nt. of tlu*- 
farm(*rs to whom tlu* su])}>l\ was availahk* had 1ak(‘ii advantage 
of tin* sam<‘. 

Tlu* State Klectii<-ity selu'im* is heiiig ])ut into op(‘ration and 
alreailx t ransmission lijH's have betai erecttal, or are in ])roces3 
of b(*ing eri‘et(*d, into tin* Western distn(*t and into Kastern 
(dppsland, north to Albury, Corowa, Yarrawonga and Echuca. 

Fleet ro-farming is not so far ad\aiie(‘d in Australia as in 
Nt‘W Zealand, l)iit its atlvanee* will obviously follow the same 
Hues. In fact, to date it is gen(*rally used in couneetiori with 
tlu* dairy uidiutry, though many farmers ha\e ])urehased small 
portable motors for corn crushing, ehafif cutting and wood saw ing. 



ELFXTRO- FARMING 


101 


In order to reduce costsfniaiiy of tlu‘ fanners supply much 
of the lalxnir retpiired for erecting service lines, and th(‘ actual 
co^t, in these cases, works out at per consumer. To (uisure- 
that a satisfactory revenue will he forthcoming from the liiK’s 
when erected, c^ac'h faPnuT g\iarantees a ininimum annual ])ay- 
ment of ten p(»uuds. 

Tasmania. Extensive* hydro-electric ilev(‘lo])m(‘nts have 
taken place in 'rasmania umler the auspices of tlie (Joxernrnent ; 
OO.Oon horse ]K)W(‘r has aln'ady he(‘n d(‘\ elojM'tl, and a furtluu* 
oOO.OOO horse power is awaiting development. The trans- 
inission lin(‘S e\t(*nd well into tin* rural areas, and si\ months 
ago iio less than thirt\ small t<»wns and village's had hei'n con- 
nta‘t(*d \ip, whilst nuuiy niori* were under consideTation. 

The* publicity campaign conducted by the llvch'o Ek'ctriej 
T>(‘]iart m(*nt of the* (h)V(*rmn(*th of Tasinania, in agricultural 
areas, is already being felt iwui there is little* doubt that the 
majority oi the farm^ in the ar<*as alr(*arl\ develope'd will soon 
b(' <‘lect rilitMl. 
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CHAPTER Vn. 


KUHAL INDUSTRIES. 

Decimal (lass. (UiO.lH 

Table XI 1. 

LIST OF INDVSTRIES. 

From Arable Land Products. 

Alcohol Making. 

Beer Brewing. 

C -icier Making. 

Uollecting of Wild Brodiuds, Hc'rbs, Kctiis, Ikiniroscs, 
Blackberries, Mushrooms, Holly, (liristmas Trees, Mistle- 
toe, Blue Buttertlic^s (for ornaments), (^te. 

Drying of Herbs. 

Drying of Hops. 

Drying of S|)eiit (>i(ler Apple Refuse for Cattle Food. 
Drying of Spent Hops for Litter. 

Drying of ^iient Sugar Beet Refuse, etc., for Cattle Food. 
Fruit Preserving and Drying. 

Jam Making. 

Olive Oil. 

J^ickle Making. 

Straw envelope Making (for Bottlt^s). 

StraM' Ro])e Makings 
Sugar (Beet) Mauufacture. 

Sugar Cane (Viishing. 

Vegetable Preserving and Drying, 

Wine iMaking. 

Art and Craft Work. 

Artistic* Ornaments. 

Ghevening. 
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Table 

LIST OF INDUSTRIES (C07ltd,) 

Art and Craft Work [contcL) 

Drossmaking and Millinery. 

Em])roidorv. 

Knitting. 

Knitting of Elastic Stockings and Silk Surgical Goods. 
La(‘o ]\Iaking. 

Net Making. 

Pottery Work. 

Rug and Mat Making (Coir and Wool). 

Rush Mat Making. 

Rush Straw Plaiting. 

Saddlery. 

Sewing of Clothes (for Town Factori(‘s). 

Sewing of Gloves (for Town Factories). 

Shoeniaking. 

Soft Toy Making. 

Weaving of i^atterns and Ex})criniental Work. 

Weav ing and Spinning, 

Contract Work. 

Concrete Mixing. 

(.V)ntraet Ploughing for other Farmers. 

Contract Stump Pulling for other Farmers. 

Contract Threshing for otlicr Farmers. 

Haulage Work. 

Road Rolling. 

Road Scarifying. 

Stone Breaking. 

From Live Stock Products. 

(iiicken Jelly Making. 

(\)lleetion f)f Feathers for Sale. 

Day Old Chick Hatcheries. 

Egg Ih’eserving. 

Honey and Bees'-wax Making. 

Rabbit K(*e])ing for Fur and Wool. 
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Table* Xn. {contd.) 

LIST OF INDUSTRIES (corUd.) 

Metal Working. ^ 

Blacksmiths’ Work. 

Electric Motor Parts Manufacture. 

Electric Motor Parts Winding. 

Electric Welding. 

Engineering Work. 

Farm Machinery Manufacture. 

Farm Machinery Repairs. 

Motor Car Manufacture. 

Motor Car Repairs. 

Tin Smithing. • 

Watch and Clock Making. 

Wireless Apparatus Manufacture. 

From Woodlands Products. 

Barrel Hoops, making of 
Briar Pipes, making of 
Brooms and Besoms, making of 
Charcoal Burning. 

Chip Baskets, making of 
Clogs, making of 
Compressed Compo. 

Creosoting poles for telephone and electric lines. 
Fire lighters. 

Firewood, 

Hop poles, making of 
Hurdles and Gates, making of 
Logs for Firewood. • 

Osier Baskets, making of 
Paling and Fences, making of 
Peat Fuel preparation. 

Planing of Timber. 

Saddle-trees, making of 
Sawing of Timber. 

Seasoning of Timber. 
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Table XII/ {coiM,) 

LIST OF INDUSTRIES (coutd,) 

From Woodlands Products {contd.) 

Walking Sticks, making of 
Wooden Rakes, making of 
Wooden Spoons and Forks, making of 

Wood Working. 

Boxes for Tin Plate and other goods. 
Cabinet and Furniture Making. 

Carpentry and Wheel-wrighting. 

Gate Making. 

Outdoor and Garden Appliances. 

Poultry Houses, Pig and Stock Feeders. 
Simple Household and Domestic Articles. 
Sycamore Turners. 

Toy Making. 

Wood Carving. 


In previous sections, each chapter lias been Iieaded with 
a list of the uses to which electricity can he put, in the 
special field covered by the subject. In tln^ cas(' of rural indus- 
tries, the great difficulty is that multitudinous as the ^ ' 
be, the lack of rural transmission lines inea»^ • ^ 
tion of power is rarely made. 

Most of the foregoing list of near! 
occupations, could be carried on far more 
are at presetit by the introduction of mod; 
electric power. 

Rural Possibilities. 

It will no doubt be somewhat of a surprise 
to realise from this list the tremendous poss 
industrial life. Since farming is itself a seasoi 
is a very good reason for combining industrial 
cultural life. It would seem that a good rural i 
tricity would result in checking the deplorable m. 
country to town, which is a problem of the age, not 
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but also in other countries. It will afford the economical oppor- 
tunity to pay wages to the country worker, that are strictly 
comparable with those of the town industrialist. 

The extended use of machinery in urban districts, coupled 
with the attractiveness of the town, has drawn many of the 
workers away from the country. A supply of electric power 
will ultimately result in many industries returning to tlie country, 
especially when their raw materials arc conveniently located 
there, and also when the waste from the industry (e.g., malt 
culms and spent grain from beer, refuse from sugar-beet, etc.) 
can be utilised to feed the farm live stock. There are, of course, 
many diilicult problems to be solved, which, in these days of 
large scale advertising and selling, seem only likely to be over- 
come by some sort of co-operative scheme. Since much of 
the work must be done on pie<;cwork systems, there may be a 
danger of sweating. Scattered and unorganised workers are 
always in danger of (‘xploitation. To guard against this, it is 
the author’s opinion that the setting up of rural factories should 
be encouraged rather than the institution of cottage industries, 
as in the case of the former, the o])eration of the fac^tory acts 
\\'ill preserve the h('alth of the workers, which it is (piite impos- 
sible to do so long as work is carried out in the home. 

Continental Rural Industries. 

On Oontindlital farms, it is quite a common thing to find 
such industries as th(‘ inauufacture of alcohol, beer, cider and 
beet sugar, also weaving, lace making, sawing, w^ood working, etc. 

One of the most interesting of French rural industries is 
that of silk weaving, which is largely carried on in the district 
to the North-West of Lyons. Looms (electrically driven) have 
been installed in w^eaving sheds, built on to cottages or farms 
and silk weaving is being combined with the industry of the 
cultivation of the ground. (Fig. 34). A little to the south of this 
district are found such industries as the turning of wooden handles 
for carpenters* tools, whilst electric power assists in the manu- 
fa ;ure of briar pipes in the Jura mountains and wooden spoons 
and forks in Savoy, The cabinet makers of the Pyrenees moun- 
tains are justly famous, and it is well known that some of the 
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most successful watch and clock ihakers are inhabitants of the 
picturesque chalets and villages perched on the mountain sides 
of the German Black Forest. 

In France, it has been the experience that the introduction 
of electric power into rural districts, has caused many small 
industries to spring up like magic. One result of these new 
industries has been the assured success of the electricity supply 
undertakings in districts where it seemed likely that the farm 
load would take a long time in picking up. 



Fipf. ,34. — -»Silk looms in a house near Lyons. 

British Rural Industrial Development. 

The author has had opportunities of observing many move- 
ments set on foot in this country during the past twenty years 
to widen village life by the introduction of • industries, apart 
from the purqly farmhouse ones of butter or cheese making 
and bacon curing. Many rural industries owe their inception 
to the enthusiasm of individuals who have taught and financed 
these crafts from their first introduction to the district. In 
other cases, it^is a question of the revival of an industry tempo- 
rarily in abeyance. 
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Pottery. 

Sir Lawrence and the late Lady Weaver have been instni- 
mental in the prosperity of the Ashtead Pottery industry. (See 
Fig. 35). Here, an electric motor drives the pottery wheels 
and lathes. Electricity is not used at present, in this instance, 
for heating the kilns, although it would be most advantageous 
if power could be obtained cheaply enough for this to be possible. 



Fig. 35. — Potter at work on electrically turned wheel at Aahtead. 


for electric heating insures easy control over tlje tcrajjerature. 
What is wanted is a special tariff for this purpose. The 
author is indebted for this information to Lady Anne Snell. 
At the Compton Pottery (set up by the late G. F. Watts, 
R.A., and his wife about thirty years ago) the one black 
spot on the landscape is the smoke from the furnace used 


116 


ELECTROFARMING 


for heating the drying room. Periodically a heat of 1,300 deg. 
Fahr. (705 deg. Cent.) is required for the kiln. 

For the best class work in china, the cost of the electric 
current, at any ordinary price is trivial, compared with the 
uniform success obtained. A few spoiled articles, would cost 
a good deal more than the electricity, whose use would have 
saved them. 

There are other village potteries where electricity is not 
available. Jt can be imagined that the pn^servation of a con- 
tinuous temperature of 70 deg. Fahr. (21 deg. Cent.) in the drying 
room, is a matter of some difficulty witli coal or coke firing. 

Hurdle Making. 

Hurdle making in North Wales has been started on tlu* 
Lake Vyrnwy estate of the Liverpool Corporation. The industry, 
which em})loys about a dozen men, is carried on j>ract:cally in 
the optm air, as the work shop consists of very little more than 
a roof for machinery. A 5 h.]). motor (!rives a circular saw of 
24 inches in diameter, and a 9 h.p. motor drives a 30 iiich <liameler 
circular saw. An apparatus for trimming the eiu’s of the cross 
bars to a circular sliape lias been manufactured locally. It is 
found that there is a ready market ft)r thcs(‘ hurdles, tlu' labour 
for which is paid oti a- piece work basis. 

Irish Lace. 

Irish lace is too well known as a (!Ottag(‘ iiidustry to need 
any comments, and ptuhaps it borders on the sacriligeous to 
suggest tliat power should replace hand work there. Neverthe- 
less, if the Shannon Scheme is going to be of real benefit to th(' 
Irish rural community, it cannot do better than assist the poverty 
stricken peasantry to larger incomes, via a greater output. 

Wireless as a Village Industry. 

There is nothing in the manufacture* of w'ireless sets which 
renders it imperative for such manufacture to he can*ied out in 
the tow^ns. In Surrey, the industry of the manufacture of sets 
has been started, power being derived from a hydro-electric 
plant about a mile away, where the water wheel which operated 
in the times ot the Roman and cf the Sussex Iron wwkers has 
been replaced by a modem electric turbine. 
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The whole question of the introduction of machinery on 
a farm, naturally introduces the necessity for some type of rough 
work-shop to deal with inevitable repairs. This wireless in- 
dustry, for instance, is an off shoot of such a work-shop. Ob- 
viously, where power has been introduced and a little machinery 
installed, it is a waste of both not to employ them to their fullest 
capacity. The illustration of the comer of a work-shop in South 
Dakota shows the possibilities of this idea. (Fig. 36). 



Fig. 36.- An American farm workshop. 

The Village Wheelwright. 

Serious unrest has been aroused by the lack of ])rcspects 
facing the villagt^ wheelwright. With alracst universal railway 
transport, to say nothing of the competition of factories, the 
wheelwright finds it very difficult to earn a living by the build- 
ing of farm vehicles. Obviously, he must enlarge his business 
by the adoption of side lines. That is to say, he must become' 
the village repairer of farm equipment and the manufacturer 
of the hundred and one wooden articles, e.g., handles for 
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hay forks, tools, benches, yokes, tubs, etc., for which the demand 
is steady. For this purpose the installation of power driven 
machinery, such as lathes and drilling machines, coupled per- 
haps, with an electric welding apparatus and forge, is essential. 

This outlet for the village wheelwnght presupposes that 
the majority of power and tractor equipped farms have not a 
workshop of their own, and probably this is a better solution 
of the problem of farm repairs than the advocation of farm 
work8hoi)8, to justify the equipment in which supplementary 
industries have to be introduced. 

Day Old Chick Production. 

Ill England, the trade in day old chicks is practically con- 
fined to pedigree birds, but in America the day old chick trade 
is a mammoth industry in itself, which has increased by leaps 
and bounds since the introduction of tdeetric incubators. It 
would seem that here is a rural industry which might well be 
developed. The busy season coincides with the slackest period 
of the farmers' year. 

Drying of Fruits and Vegetables. 

A drying plant is a useful form of rural industry, and can 
be economically added to many farms that an* electricallj’^ 
equipped. A gieat deal of farm produce in seasons of j)lenty 
is wasted, simply because it does not ])ay to tal^e it to market. 
Much of this, when dried, could be jirofitably marketed at a later 
and more convenient date. Experiments carried out. by the 
author, show that it does not usually pay to employ electricity 
as the heating medium for drying purposes. However, on a farm 
there is usually a collection of rubbish which can be easily burned 
to j)rovido the necessary heat. Of course there is no better 
motive power than electricity for the necessary fan drive. 

It may be of interest to point out, ihat (mly one kind of 
vegetable or frgit can be dried at a time, owing to the varying 
degrees of rapidity, at which each variety dries. It is of great 
importance that drying should be carried out thoroughly and 
' uniformly. The time required for drying is very definite, owing 
to various faetprs, such as the maximum temperature the pro- 
duct will withstand without discolouration or loss ; its rate of 



ELECTRO-FARMING 


119 


giving off moisture, the humidity of the atmosphere, etc. Gene- 
rally, most fruits and vegetables can be dried in a temperature 
of 120 to 160 deg. Fahr. (50-70 deg. Cent.) without loss of their 
characteristic food qualities and flavour. 

Table XIII. 


THE DRYING OF FRUITS AND VEGETABLES. 


Material. 

Percentage 
of moisture. 

Hours to dry 
(8 to 12% moisture) 
about. 

Apples 

84.6 

1 

Bananas . . . . .*. 


3-6 

Beets 


1-3 

Carrots 

— 

2h 

Celery 

94.5 

2i 

Cereal Crops — Grain straw 

14 

i 

Grass Hay 

73 

3 

Onions 

14 

3 

Parsley . . . . . . , 



Parsnips . . . . . . ! 

83 ! 


Plums . . . . . . ; 

j 

12-14 

Spinach . . * . . . . j 

— 

H 

Htrawberries . . . . ! 

90.4 

3 

Tomatoes . . 

94.3 

3 

Turnips 

93.3 

1 

Potatoes 

78.3 

4 


About one pound of coal is required per three pounds 
of moisture in tjio fruit or vegetables. The author has suc- 
cessfully cured wet green grass by the aid of an electrically 
driven fan, without auxiliary heating, other than that produced 
by the natural heating of the rick. (See page 188). 

Rural Industries Bureau. 

In 1921, a body known as the Rural Industries Bureau, 
was set up under a Trust Deed. Under the Chairmanship of 
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Lord Ernl^, it soon became actively engaged in the collection 
and dissemation of information referring to rural industries. 
The Bureau works in close touch with Government depart- 
ments as well as with the National Federation of Women’s 
Institutes, the National Council of Social Service, the British 
Legion and also Labour and Co-operative movements. It has 
a unique lending library, containing books and pamphlets on 
the technical, artistic and economic aspects of rural industries. 
These publications give concise and complete information on 
the crafts with which they deal. The fact that the Bureau, 
in one year, answered 2,000 queries, shov.s tlmt it is performing 
very useful work. 

Rural Demonstration Vans. 

The idea of touring the rural districts with a demonstration 
van is universally acknowledged by rural education authorities, 
to be a most effec^tive form of propaganda work. 

The Ministry of Agriculture, at a cost of about £550 recently 
equipped a demonstration blacksmith's van, which has been 
doing useful work in the County of Oxfordshire, under the 
auspices of the County (buncil. The Leicestershire (bounty 
Council have had a demonstration van built for themselves. This 
is suitable for demonstrating rural crafts and is fitted within 
with all the paraphernalia, lathe, drilling machine, bench, tools, 
welding apparatus, etc., of a small workshop. • This van was 
designed in the workshops of Loughborough Colle.ge and another 
dairy demonstrating van, litted with all the latest dairy electrical 
equipment, will probably be sanctioned at a later date. 
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CHAPTER Vin. 


WIRING AND LIGHTING OF FARM BUILDINGS. 

Decimal Class. 631. 2E 

The Main Electrical Distributors. 

As many farm buildings are old and in a bad state of repair, 
the main electrical distributors should be run outside the 
building. An additional reason for this is that many 
of the bams are often completely filled with crops at cer- 
tain periods of the year, making it impossible to get at inside 
wiring when alterations or repairs are necessary. Construction 
costs are also much lower, while the making of tappings or loops 
are facilitated. A practice sometimes employed is to run the 
mains under the eaves and encase them in heavy galvanised 
steel tubing. While this method gives a very satisfactory 
installation, it is rather expensive and neutralises some of the 
advantages of running outdoor mains. However, the author 
prefers bare overhead ring mains round the buildings. This 
method has many advantages, chief among them being that 
temporary and permanent connections can be carried out with 
a minimum of time and exiKmse. It is this system which the 
author employs on his farm at East Grinstead. It might be 
remarked that very little difficulty is experienced in keeping 
the mains above the highest load of hay carts, etc. Fig. 37 
shows the ring main on the author’s farm. 

In this case the supply is three-phase, which is obtained 
from a private hydro-electric power statidn on* the farm. The 
distribution is a|; 400 volts for power and about 230 volts between 
any phase and neutral for lighting. Above the three-phase 
lines a galvanised wire, which is stapled to the pole, is run, and 
an earth connection is made on similar lines to the practice 
adopted on stapdard telephone poles. This serves both as a 
neutral wire and as a lightning protector. A further advan- 
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tage of the ring main, is, that the section of copper wire 
used, is reduced, as the main itself is a closed circuit, and any 
point is fed from both sides of the connection. Pole fuses of 
a simple, easily removable type are introduced where the supply 
main connects the ring main. When the distribution line is 
installed close up under the eaves, an ample supply of plug 
connection boxes should be installed. However, with the over- 
head ring main many of these are unnecessary. 

Internal Wiring. 

Where steel tubing is adopted it should be of the heavy 
tjrpe covered externally with hemp or similar braiding impreg- 
nated with red lead and fish oil, the object of the latter being 
to keep the coating in a semi-plastic state, so as to better resist 
the inroads of moisture. Owing to the deleterious effects arising 
from the ammonia and acid fumes in the humid atmosphere 
found in stables and byres, the sj^stems of wiring common to 
indxistrial buildings arc of no use for farm purposes. In fact, 
the general system of wiring should be more along the lines 
adopted for use in chemical buildings. For instance, the ordi- 
nary vulcanised india-rubber cable is of very little use, even 
when mounted on insulators and it is hopeless, owing to internal 
condensation, when placed in steel tubing. Lead or composi- 
tion sheathed insulated wires are also of littlcj use. A common 
practice, in Gegnany, is to use bare wire, mounted on telephone 
type insulators, placed close under the ceiling. The switches 
are also mounted on the ceiling and oj)erated by metal turn- 
rods. Many makes of C.T.S. or T.R.S. cables have not proved 
nearly as satisfactory as a special form of cable known as maco- 
nite. Whatever form of wiring is emi)loycd, great ^care must 
be taken with the joints and connections to fittings, to prevent 
ingress of moisture, etc. One firm of cable manufacturers, 
make fittings ai*ranged to receive a plastic compound, which, 
while it does not set hard, protects the joints., from the effect 
of the atmosphere. One very satisfactory method of jointing 
is by means of thimbles made of insulating material. These 
are* incorporated on a piece of steel spiral wire, which serves as a 
thread. Such thimbles make a moisture and ^cid-proof joint. 
A modification of this type has recently appeared on the market, 
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it is made of porcelain with an internal porcelain thread. While 
these arc very satisfactory under certain conditions, they have 
not proved so reliable as the type previously mentioned for 
general farm work. 

The fittings enn)loyed for farm purf>oses should preferably 
be of the porcelain typ(s which can }>e sealed up after connec- 



.Fig, .*?7. — All ov‘*i’hrtiU rinjj^ main at*( i r(*at('r Knlccmrt. 

tious are made, t(^ prevent moisture getiifig at. the connections. 
While water-ti^ht enclosed glass fittings are often employed, 
trouble is sometimes experienced due to internal condensation, 
a condition which is often met vith on farms. 

Switches. 

Switches, as far as possible, should be outside the buildings, 
but whether they are inside or outside the\^ should be of the 
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weather-proof type, to avoid the trouble caused by the humid 
atmosphere of the buildings and bams, which is often worse 
than the effect of wet weather. (Fig. 38). Continental practice 
for plug points favours switch boxes which arc designed on an 
interlocking principle, ^o that the plug cannot be inserted or 
withdrawn unless the switch is off. 



Fig. JiS. — Waterproof Kwitch and meter installation in a barn. 

• 

Where internal switches are required the most suitable 
types are the overhead type, operand by turning handles, and 
the inverted rotary tyj)e with a drip protecting j)orcclain shield. 
This latter type is by far the most satisfactory for farm 
operations and should be used in preference to the tumbler type 
switch. 
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Fuses. 

The ordinary type of fuse should not be used, as farm 
workers are too often tempted to use pieces of wire, strip metal, 
etc., to replace a blown fuse. The '' Zed ” type of fuse is a 
more satisfactory one, as it is extremely simple and practically 
foolproof. This fuse comprises a fuse-fitting or base, a gauge 
ring, a cartridge and a screw-cap. (Fig. 39). An indicator 
device in the screw-caj) shows clearly which particular fuse 
has blown, and to change it, all that is necessary is to rejdac(‘ 
the old cartridge by a new one of the sairu? colour. This colour- 
scheme, for distinguishing the various sizes of cartridges is a 
great boon to farmers, as no special kno^^'le(lge of any kind is 



Fig. 39. — A complete “ Zed ” fuse, consisting of the fuse fitting 
tlic gauge ring, tlio cartritige and the screw caj). 


required, and the work (^aii be dom^ !)y anyone around the build- 
ings. There is also the further pr(‘eaution against replacing a 
blown fiM^e by one with a higluT ciirrent carrying capacity, for 
the gang(‘ ring is so constructed that it is impossible to place in 
it a larger cartridge than that ordinarily, needed to protect the 
circuit. 

Wall Plugs. * 

Tt is very important that the design should be such that 
these plugs cannot be fitted the wTong way round, and further 
it is a good plan to insert a catch wdiich holds f he plug in posi- 
tion. It will •be found advantageous to interlock the plugs 
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with the* switches, su that they eaniiot he inserted when the 
switch is closed or withdrawn unless the swit(*h is open. 

Lamps. 

A useful standard size of lamp for the* farm buildings is 
the \'aeuum ty])e nu‘t*d filament 40- watt size. The efficiency 
of this size lamp is iUily a trifle less than that of tin* gas-filled 
])atti*rn. ddie antluw has found that by installing all lamps of 
the same size, a gr(‘at saving is (*ffeeted as the farm-hands are not 
tenijded to change* the* lamps from ])osition to ])osition, for the ])ur- 
])ose of obtaining a more brilliant light. 14iis often happens when 
(Uffer(‘nt sizes of lam])s are usc‘(l. with the rcssult that a number 
are broken. Furth(*r, onl\ om* size of sjairt* Jam]) m'cd ))e stocked. 
Lampholders. 

ddie ordinary Fngiish two-pin contact type of bayonet 
liinijilioider is v<‘?\v unsatisfactory. A better [)lau is to install 
thf* typ(‘ in wlii(‘h lh<* whole terminal ])lug hold(‘r and its solid, 
springh'ss terminals, is lu*ld in position by a single sj)ring, or 
wliut IS (*v(‘n more desirabh*, tin* all-com})osition holder. Even 
here a rubber (nnbr(‘lla ring joint, for t})e neck of tin* lain]), is 
v(*ry a<lvaiitageous. The fklison sen*A\ ea]) lamj) seems to serve 
v(*ry w(*ll on the (V)ntinent. 

Reflectors. 

One* of the ways in which the cost of illuminating the buihJ- 
ings can be rejuet'd, is by e.ar(*ful and sei(*ntifie arning(‘ment 
of the* light ])oints. Fff(*ctiv(; reflectors not only bring about 
(‘conomy in consumption but they also j)rovide a much fnort* 
evenly distributed light. The* head-room available in tlu* majority 
of farm buildings rarely p(*rmits of the eiuploym(‘nt of conical 
focussing or other similar types. The most suitabk* fyrm is the 
modern extensive or distributing type, using a 40-A\att metal 
filament lamp. When* tlu* above type of reflector and lamj) is 
used, tb(‘ lam])s should be suspended bet wi‘en seven to eight feet 
from the floor and sjiaeed sixteen feet apart. This arrangement 
gives sutheient light on the floor to carry out the work in com- 
fort. Ihismatic glass r(*fleetors are very satisfactory, (‘xcept that 
th(*v collect the dust externally and cleaning is oftc*n neglecded. 

A weak ])oint is the design of the holders for 4hese shades, as 
they are liable t(j oxidisation, esjieeially the small screws generally 
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ELECTRIC PL0UGHTN(4. 

Decimal Class. 631.512E 

It is still to many people an almost unknown cxj)erience 
to ride, as the author has done, upon a monster electrically 
operated plough. It is a never-to-be-forgotten sight, to observe 
seven huge waves of rich red-brown earth, eighteen inches deep 
and fourteen inches wide, n)ll over, in a similar fashion to the 
waves on the sea shore. 'J’his analogy is further enijdiasised 
by the rustle of the dry stubble, as the waves of earth turn 
over. Oecasionally a big stone, that, has worked its way up 
from the sub-soil, is encount<'red. TIkto is a sliglit jar on the 
plough, the haulage rope tightens, the ])oinier of the ammeter, 
which is installed in the haulage gear, rises ra])idly, indicating 
that the ek'ctric motor is excnling over 2(K> horse ]K)wer, then 
in an apparently effortk'ss mamu'.r, a huge l)o\dder of some 30 
lbs. is unearthed and tossed aside, whili* the plough continues 
on its way. Electric motors of 150 brake hons** power are used 
for this work, and up to 30 aci'es a day can be ploughed, in- 
cluding sub-soiling. 

Deep Ploughing. 

This is chieHy employed for such crops as sugar beet. Of 
course, ploughing to such depths is not needed for most crops, 
though deeper work w'oukl la* very advantageous in many 
cases. But little increase, in the <lepth of a previous ploughing, 
can be made trora year to year, or lour soil, deficient in humus 
and bacterial life, will be brought to the surface, to the detriment 
of subsefpient crops. Then again many soils are but shallow coat- 
ings over rock, w’hich obviously restricts the depth of cultivation. 

The que^ion of deeper cultivation is now occupying the 
attention of leading agriculturists. Many believe that the- 
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practice of relying upon the surface layer of the soil for 
growing crops, is responsible for a good deal of \>'ater- logged 
land in winter. The effect of the pug marks of horses, the 
wedging action of plough shares and the pressure of tractor 
wheels, tends to pack flown the sub-soil below a depth of live 
to six inches, with the result that the croj) is unable to draw 
moisture from the lower layers of the soil and the natural drainage 
of the land is interfered with. Sub-soiling and dee]) ploughing 
are now being tried, to obviate this drawback, and it is claimed 
that the additional cost of the work is very small when coin[)ared 
with tJic advantages derived from the practice. Sub-soiling 
breaks up the hardcMicd ])an and improves the drainage, conse- 
quently increasing the^ moisture su])ply during dry weather. 
The ijiiportanee of this lias be(m more fully recognisc'd during 
the past f(‘w years, owing* to the introduction of sugar licet, 
as the beet grows entirely underground, and further has long 
tap roots, so it cannoi, d(‘velo]) ])ro])erly unless the soil is thor- 
oughly broken uji. 

Importance of Electric Ploughing. : 

Work on tlu‘ land absorbs by far tlie greater jiropoition 
of the total power that is used in agrieultun*. Hence it is of 
first im])ortan(U‘ to consid('r whether (»r not the power employed 
for this purpose^ can economically lie (‘leclrical. If all such 
work were done*l)y ibis means, t he demand for (‘leetrieity would 
be, enormous. 

Now the most imjiortant impkunent at present employed 
ill the cultivation of the land, is the plough. Though it is p<is. 
si hie, that when electric ])oucr is used to a greater extent, the 
easier methods of power measurement n ndered avaiftibli', will 
lead to cfinsiderable moclifieatious of this implement, so as to 
obtain a greater, efficiency in operation. 

The view is supyiorted by no less an authority than Sir 
John RuvSHell (of Rothamsted), that until further research has 
been carried out, it is inqiossible to say whether the o])eration 
of ploughing as at present practised is really an essential part 
of tillage. In fact little scientific knowledge is available as to 
the precise mechanical effect of the im])leinent8 tillage on the 
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Boil, or what is necflcMl to produce tlu* best results. The design 
even of ploughs is not stabiliscMl, for in England alone there are 
well ov(‘r two hundred varieti<NS, none of \\hich is very suitable 
for hauling at s])eeds greater than that of horses. 

It is of course diffi(Mdt to deeide on the* dividing line be- 
tween ilie two operations usually called ])loughing and culti- 
vation. In ]K)int of fact, the same electrical gear is used for 
both pur|>oses. For (‘conomic reasons the same equijnnent A^ill 
be i‘mplo\ed for a nundu*!* of other cultural and har^( sting tasks. 

Objects of Ploughing. 

(a) To loos(‘n, break up and com])act the surface soil, 
so as to provide, after furtluT treatment with other imjdements, 
a good st'cd-bed. 

(b) To eradicate* W(*e»ds and stubble* by turning thetn under 
the siiHace, w}j(*re they will decom])os<^ form a humus, and 
fertilise tlie soil for the n<‘xt crop. 

(e) To faeilitaie tlie aetie)n e)f frost in ])re)eliK‘ing a good 
tilth. 

(d) To alle)W aeration and drying of the* soil. 

(e) ])reane)te* drainage by allowing rain to j)enetrate. 

(f) T<^ consiu’ve moisture. 

(g) To kill otT some d<*leterie)us kinels of bacteria and 
eiK'Ourage* the growth of others which an* b(*iu*licial. 

In the autumn ploughing of heavy day, the soil sliould not 
be pulverised too much, or there will be* trouble* after the next 
fall of rain, elue te) the surface riiniiing togethc'r and forming an 
air excluding crust. The s(*e'dlings will ne)t be able* to push their 
way fhrougli tins, iieithe*r will furthi*r rain or air be able to 
penefrate. Again, a e(*rtain roughness of the surface })rovides 
protecting ee)ver for the seedlings. 

The effici(*ney of ple^iighs is very low, the** design of shares 
and mouldboards being the res\ilt of rule-of-thumb develop- 
ment, ratlier than seientifie research. In indicating the prac- 
tical ]>ossibility of changes wdiieh may be brought about by 
the latter, it is interesting to reeall that in the course of the War, 
the efficiency <)f tlie aeroplane air screw, which has somewhat 
analogous surfaces, was increased frdiii 20 to 82 per cent., chiefly 
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through the a])plication of wind tunnel tests and mathematical 
research. Many years ago Ransome discovered that plough 
surfac(‘s should not be of a true, continuous pitch helical fornu 
Howe^ver, no one seems to have investigated these surfaces by 
the aid of higher matRematics, though of course much work 
has been done by trial and error. 

The latest development in cultivating implements is the 
rotary tiller, described later in more detail. While this is likely 
to liave a wide field of use, the plough will probably last for a 
cojisiderablo tirm^ yet. One ])oint that seems c(Ttain, is, that 
in designing machines ior power operatioji, hor8(‘-drawii types 
must largely be ignored, and a fresh start made on entirely 
jnde]x‘nd('nt lines. Hence it will be a})preciated tliat a careful 
consideration of (dectric ploughing is handicapped by the fact 
that so little is definitely known about the ultimate results 
recpiii'ed of the im])lements. 

Types of Plough. 

The modern plough is a development of the old wooden 
plough of which examples are still to be seen in use, in modern 
as well as in the num' primitive countih^s. 

Tliere are two distinct types of plough ^ the mouldboard 
plough, and the disc plough. Both are suitable for power 
work and it is usual to mount a gang of several bottoms together, 
the number dep*mding on the power available and the amount 
of work to be done. For rope haulage, a double ended or anti- 
balance plough is generally used, one set of shares being in use 
whil(‘ the other is held in the air, ready to drop dowii for the 
return journey. 

, The disc plough is a newer development than tlTe mould- 
board plough. It is very suitable for either very hard and dry 
or viTy stieky soil, or alluvial soil, or soils free of stones, especi- 
ally V hen (litficulty is found in using the more^ common type. 
It is, however, unsuitable for heavy land either in a dry or sticky 
wet condition and also for stony ground. The cutting tool is 
a disc 24 to 30 inches (61 to 76 ein.) diameter ; it cuts a semi- 
circular furrow, 6 to 10 inches wide (15 to 25 cm.), somewhat 
narrower than the mouldboard type, and 12 to 15 inches (30 
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to 38 cn).) deep. The disc type is largely used in parts of the 
United States and some of the British Colonies. Though it 
has not been used for electric ploughing so far, it would lend 
itself well to this means of haulage in suitable ground. Its 
rotary action is undoubtedly advantageous in reducing friction, 
but no attention has apparently been paid to the development 
of the curvature of the surface of the discs, which should follow^ 
somewhat the same principles as those essential in ordinary . 
plough design. 

Power required for Ploughing. 

The general formula for the Horse Power n^quired has bc^en 
stated as follows : — 

Horse Power = RWDV 
" 375 

where R ~ soil resistance in lbs. per sq. in. 

W — total width of all f iirrow s ploughed at once in inches. 

D depth of furrow' in inches. 

V — speed of travel in miles per hour. 

8imiliarly if R is given in Kg. ])er sq. dm., W and D in cm., 
and V in Km. per hour, 

Metric Horse Power - 

(Cheval- vapour) 27000 

The quantity RWl) is called the draught*^ of lh(‘ plougli, 
and when moving at a steady si>eed it equals the pull exerted 
by the drawbar of the tractor or the haulage rope. 

This formula as it stands is open to question, for many 
other factors enter into th<‘ draught, as mentioned helow . An 
additional constant or constants should be placed in front of R 
to take these into account. 

To find the effect of any factor, all tlu^ others must be kept 
as constant as possible. 

Factors Affecting Draught in Ploughing. 

(a) Type and condition of soil. 

Amount of pulverisation of soil. 

(b) Desigp and adjustment of plough. 

Angle of hitch. 
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(c) Use of coulter. 

(d) Employment of sub-aoiler. 

(e) Width of furrow. 

(f) Depth of furrow. 

(g) Speed of travel. 

(h) Gradient. 

(i) Artificial means of reducing draught. 

(a) The effect of the soil is called the Soil Resistance. It 
IS measured in lbs. per sq. in. (or Kg. ])er sq. dm.) of furrow 
cross-section, and is found by ploughing various soils A\ith the 



F]^. to. DynuTiionietor for iiii? at 

Jiotluuiist<*(l Kx|HM*iincutal Station. 


same implement, by the aid of a recording dynamometer. 
(Fig. 40). The Jigure obtaiiied always includes the* friction of 
the plough wheels, etc., called the light-running draught. 

Recent experiments at Rothamsted show that in one field 
where the soil appears uniform to tlu* eye, tjie soil resistance 
may vary over a range of 40 per cent, I'lie resistanc^e is increased 
by more thorough pulverisation of the soil. It can be reduced 
by artificial means, such as chalking the land or passing an 
electric current from the coulter to the sliare^ as described in 
section (i). See pp. 140 — 142. 
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Table XIV. 

VALUES OF SOIL KESISTANCE. 

Krsistaiiu . 


son.. 

-t - 

I.b/Sq in 

Ki<./clni. 

Authority. 

♦Sandy . . 

3 

21 

K 

Sandy loam, moist . . 

3-4 

21-28 

K 

Light Soil 

4 

28 

B 

Sandy loam, dry 

4-() 

28-42 

K 

Sandy day Loam, moist 

O-f) 

35-42 

K 

Light Soil 

Bean and Flax Stuhhle (light dry 

5.1 -5.7 

36-40 

R 

soil) 

5.1 -().() 

36-46 

s 

Stubble (medium dry soil) . . 

5.K-7.2 

41-51 

S 

Sandy (.lay Loam, dry 

(>-7 

42-49 

K 

Clay Loam, moist 

(i-7 

42-40 

K 

,, ,, dry 

7-8 

40-56 

K 

“Argil(‘iix” 

7.7.8.0 

54-56 

M 

Clover Lea (dry soil) medium 

7.0 

55 

s 

“ Medium *’ Soil 

8 

5() 

B 

“ Heavy Soil 

7.8-8.r) 

55-60 

K 

Grass (medium dry soil) 

S.b 

61 

s 

Heat bland 

8.8 

62 

R 

Heavy (lay, dry 

0-10 

63-70 

K 

,, ,, sod 

10-11 

70-77 

K 

Grass (heavy dry soil) 

11.2 

70 

S 

Clover Lea (lieavy dry soil) 

12.2 

86 

s 

Heavy Loam (firm state) 

12 

84 

B 

4-year Lucerne 

12.4 

87 

R 

Virgin Prairit' (day, moist) 

12-13 

85-02 

K 

“Argilo-silieieux ” (dry) 

12.2-16.1 

8(j-IJ3 

0 

Virgin ll^airie (day, dry) . . 

14-15 

90-106 

K 

Clay (tirm state) * 

16 

113 

R 

(ilumbo, moist 

16-18 

113-127 

K 

M dry 

16-20 

113-141 

K 

Adobe, dry 

20-25 

141-176 

K 


N.H.— Ihe presence of flints or other stones will of touist* add to the resistance. 
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AVTn(»KITlKS. 

K — Kraiiich. Farm Equipment 11)23. 

li = Ringelmann. 

B Bond. Farm Tmplemonts B)23. 

O ~ OiidAi Trials, France 1921 . 

jVI ^ Montpellier Trials, France 1923. 

8 Shrewsbury Trials, 1921 . 

(])) The sante soil conditions, size of furrow, and 
speed, will give differing values for resistance with different 
tyx>es of plough, and when the same })lough is differently adjusted. 

The angle of hitch is most important. 

The ])ull of a tractor may be assumed to be concentrated 
at the ecjitre of the rear axle, called the centre of i)ull. Simi- 
larly the draught of the plough ma\^ be assumed coiicentrated 
at a xK)jnt called the centre of draught, about 12 indues (30 cm.) 
back from tlie ])()iiit of the share, 2 inches (5 cm.) from the 
landside and 2 inches (5 cm.) above the hot lorn of the share. 

The connections between tra(;tor and plough tend to take 
up tlie line joining these two xH)ints. If the hitch is not correct 
vertically, eitlu'i’ the share ^\ill dig iji too deejffy or it wdll not 
X)enetrate at all. Further, th(‘ line of centres should he parallel 
to the furrows. This is often im]H)ssible in practice, and then, 
to ensure true nmiiiug, eitlier a rigid drawbar and brace must 
be used or crossed, or else A. chains must be emx)k)yed. These 
are not ('ssential, if a rifling plough which can b(‘ steered by ti.e 
operator is in use. 

The worst result of bad hitching is the poor x)ioughing, 
w hich means a loss in (;rop yield. The dranght is not so much 
affected unless the hitch causes the jdough to dig in deeper. 
Under these conditions tests on a three-furrow' jd^ugh have 
show n an increase' of 34 ])er cent, in draiight. 

Another in>])ortant xjoint is the sharpness of the plough 
share. Professor 8anborn lias found that a ^share, rexiointed 
and sliarxxmed by a smith, vshowed 7 jier cent, less draught 
than a dull one, but a new' share showed a reduction of 36 jier 
cent, over the resharxieiied one. 

It is to be feared that in many tests, comparing different 
imxilemcnts and different adjustments, the soil resistance in 
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different j)lots has been assumed to be uniform. Where this 
is the case, the variations shown to exist in the ju'evious section, 
may have entirely masked the points at issue. 

(c) For tractor mechanical ploughing, knife, skim and disc 
coulters are frcHjuently used. Where dis^ coulters are used the 
soil resistance is reduced and a clean furrow is cut, which can 
be better turned by the mouldboard. 

Professor J. W. Sanborn, in the United States, found for 
a plough similar to a sod breaker in 2 year old clover sod, that 
the addition of a disc coulter reduced the rc'sistance from 4.4 
to 3.5 lbs. per sq. in. (31 to 25 Kg. per stj. dm.). 

In a further test on dri(T soil, the resistance uas reduced 
from 10. S to 8,0 lbs. p(T s(|. in. (70 to 01 Kg. per s(p dm.). 

(d ) The use of a sub-soiler causes a large inerc'ase in draught. 
In experiments at Rutliamsted, iiieties (15 cm.) sub-soiling 
in heavy clay increased the ])ower consumjdion 100 ])er (^ent. 
This increase is due to the same cause as that nuaitioned in 
paragrapli (f). 

(e) The draught is ])ro])ortionai to the widtii of furrow, 
or the total width of several whieli are bcung {doughed at once. 
With a given ])longh, Professor Sanborn, found tliat the draught 
is least when the ])l<mgh is cutting the wuh‘st furi'ow' of wliieii 
it is capable'. 

(f) In th(‘ experiments of K(‘(‘n and Haines at Rolhamst(*d, 
th« draught has Imhui found to be directly proportional to tla^ 
depth, w ithin the range of 4i to 0 inches (11 to 15 em.), Abovt* 
0 inches (15 cm.), the normal ])loug]nng d(‘})th, it iiuaeases much 
more rapidly than this, owing to the resistance' of the hard 
pan then reached, and se)rnetimes to the variations in the soil 
composition. 

(g) Experiments on the effect of speed have given rather 
divergent results, but there is no doubt that with ])re.sent de- 
signs, the drauglit increases with the speed. Thus the horse 
power, instead of being directly proportional to the speed, 
increases at a much greater rate. 

Tests by the Kansas State Agricultural College, in 192d, 
showed that an increase of sjx*ed from 2.2 to 3.5 miles per hour 
(3.5 to 5.5 Km. i)er hour), or 59 per cent., increases the draught 
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by 75 per cent, in one soil and 60 per cent, in another. With 
a breaker bottom, an increase of speed from 3.5 to 5.7 miles 
per hour (5.5 to 9.2 Km. per hour), or 63 per cent., increased 
the draught by 33 per cent. 

On the other hana, tests by Davidson and Collins in Iowa,. 
U.S.A., made in 1920 and 1921, show a much smaller increase 
in draught. Davidson found that an increase of speed from 
1 to 4 miles per hour (1.6 to 6.5 Km. pcT hour), or 3(K1 per cent., 
only increased tlie draught by 26 ^K‘r cent, to 42 ])er cent accord- 
ing to the soil. Collins tested the effect of incjreasing the speed 
from 2 to 5 miles ])er liour (3.2 to 8 Km. per hour), or 150 i)er 
emit., and found that with a long-lm^asted general ])ur]iose 
])lough, the increase of draught was 20 per cent., while with a 
short Im^aker type it was 75 per cent. 

Keen and Haines at Itothamsted, have more recently made 
some tests with a g(‘neral purpose plough, which while they 
c'over a smaller rang(^ t(‘nd to confirm (Villins* results for the 
sam(‘ typ(‘ of ])lough and J)avidson's for the ligld soil. The 
points fall very iu*arly in a straight line, and an increase of s])eed 
from 1 to 2.5 miles ])er hour (1.6 to 4 Km. ])er hour), or 150 
per cent., causinl an increase in draught of 14.5 per cent. 

Tliesc' latter results seem to show that the (‘xtra cost of 
current du(*. to tlie increased draught, will b(‘ far outweighed by 
the saving of J)oth current and labour costs, du(‘ to pJongliing 
a given area in a much shorter time. 

Th(^ difficulties whicli will arise niidcT jiresent conditions, 
will be the increased wear and tear on the machinery, and also 
the breaking up, at higher sjK'cds, of the neat furrows wdiich 
present designs of ploughs cause. A well-known plough manu- 
facturer has stated, that an increase of speed from it to 4 miles 
per hour (4.8 to 6.5 Km. ])eir hour) may necessitate an inen^ase 
in the length of the plough breast from 6 to 12 feet ( 1 .8 to 3.7 m.). 
There seems to be no reason why careful (Vsign should not 
produce the desired tmd with a less unwieldy implement, but 
at present, so few data are available that it is difficult to know 
w'here to begin. Further, an absolutely unbroken furrow' is not a 
necessity (particularly as the next operation is to break it up) ; 
North Country and Continental fanners do not insist on it. 
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At present electric ploughs usually have speeds of about 
2 and miles per hour (3.2 and 5.0 Km. per hour), which can 
be increased to 3 and 4^ miles per hour (4.8 and 7.3 Km. per 
hour) by a change of gear. 

(h) The draught is increased by 1 cent, of the weight 
of the equipment for each 1 per cent, of gradient. Thus if 
the gradient is 1 in 40 or 2.5 per cent., and the plant is of the 
moving tractor type weighing 4,000 lbs. (1,800 Kg.) the draught 
will be increased by 100 lbs. (45 Kg.). Tn the case of ro] 7 e 
haulage, only the weight of the plough affects the drauglit, 
and the effecd; is very small (;oni])ared with tlu' total draught. 


Fi^. 41. ion at (lie Mouldboard 

l)v ai<l of lOieetru- Current. 


(i) Experiments at Kothamsted showed that in heavy elay 
the resistance could be reduced by 1 5 per cent, by chalking the land. 

A recent development is an electrical method which lias 
been used for reducing friction at the mouldboard. This in 
due to the work of Crovvther and Haines at Kothamsted, who 
carried out a great deal of laboratory work, follow^ed by full 
scale field experiments at Greater Fclcourt Farm, East Grin- 
stead. (Figs. 41 and 42). 

A sj^ccial pro}.>erf y of soils Ls that the soil colloids are elect rf) 
negative. When a negatively charged plate is inserted in the 
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«oil, the M ater passes out from the colloid and becomes deposited 
on the plate, A thin film of water is an excellent lubricant, 
so it follows that if the plough share is kept negatively charged 
it is continuously lubricated as it is coated M'ith a film of water. 
The current can be obtained from a dynamo canied on and 
driven by the tractor drawing the plough,; 



42. - Dyiiainoineter eiuplovofl in Kednc'tion nf ^louldhoard 

Fi iction by the aid of an Kleetrio (MnVMit. 


Under laboratory conditions the friction was in ihe most 
iav^ourable cases reduced by as much as one- third Owen 
claims to have obtained a similar reduction inomole draining. 
While this is a inost interesting and important matter, further 
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experimental work is required, as even the most suitable voltage 
and current are not yet known 

Methods of Electrical Distribution for Ploughing. 

Apart from accumulator methods^ the supply is almost 
invariably along the lin(‘s shown below, being obtained from 
publics mains 

High Tension Line along road or field 

I 

High Tension Line Tapping 
(a) Permanent, or (b) Temporary 

Portable Transformer (Vibin 


Flying Line (Low Tension) 

I 

Low’ 'JVnsion Line Tapping, 
or Junction Box. 

I 

Flexible (^able 
to Haulag<\ 

(1 or 2 as re(|uir(‘(l). 

1 

Motors. 

(1) High Tension Line. 

Three-]>hase alternating current ivS almost invariably used, 
'J'hc larger tlu^ motors used, tlie higher should be the voltage 
both at t|u* motors and at the high tension line whieli is tapped. 
For motors up to about 4P horse power, the high tension supply 
may conu' from 1 ,500 or 3,000 volt lines, and used direct at these 
voltages or transformed down to 380 or 400 iolts. For larger 
motors it is bo»tter to take the supply from 10,000 to 33,000 
volt lines. 

(2) High Tension Line Tapping. 

It is eonmion on the Continent to do this for temporary 
loads, by means of special hooks having insulated handles and 


Flexible Cal)le. 
direct to Haulage. 
(1 or 2 a.s required). 

I 

Motors. 
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cables connecting with the transformer cabin. (Fig. 43). These 
hooks are hung on any convenient part of the transmission line. 
In theory this does not seem safe, but in practice it apparently 
works well. It is pernytted with even simpler hooks (as the 
current is but small) on 30,000 volt lines, but the large sets 
which are supplied at this pressure are always in the charge 
of a skilled man. 

For low tension lines, this method of tapping is allowed 
in the hands of the more intelligent farm foreman. 



Fig. 43. — Tho hook method of tapping a 30,000 volt flying lino, to feed 
a 3,000 volt portable transformer for a 125 horse power electric plough. 

A safer way is to use one of the foolproof pole contacts 
which are now available for 1,500 to 3,000 and also 10,000 and 
30,000 volt lines. • These are very easily operated from tho 
ground by a long rod. They avoid any possible wear and 
damage to the main transmission line. (Figs. 44-46). 

(3) Portable Transformer Cabin. 

This usually comprises an equipment similar to the following 

High Tension Lead-in, consisting of insulators on an iron 
frame and insulatipd conductors leading to the High Tension 
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experimental work is required, as even the most suitable voltage 
and eurient are not ^^et known 

Methods of Electrical Distribution for Ploughing. 

Apart from accumulator methods^ the supply is almost 
invariably alon^ the linos s]H)wn below, being obtained from 
public mains 

High Tension Lino along road or field 

I 

Higli Tension Line Tapping 
(a) P(Tmaiient, or (b) Temporary 

Pori able Transformer ( ^ibiii 


Flying Tane (Low Tension) Flexible^ (‘able. 

I direct to Haulage. 

Low IVnsion Line l^apping, (I or 2 as required), 

or Junction Box, | 

I Motors. 

Flexible (Vble 
to Haulag(\ 

(1 or 2 as re(piir('d). 

Motors. • 

(1) High Tension Line- 

Three-phas(‘ alternating current is almost invariably used. 
The larger the motors used, the higher should be the voltage 
both at t^ie motors and at th(‘ higli tension line which is tapped. 
For motors iq) to about 40 horse power, th(‘ high tension supidy 
may come from 1,500 or 3,000 volt lines, and used direct at these 
voltages or transformed dowui to 380 or 400 t^olts. For larger 
motors it is bc^tter to take the supply from 10,000 to 33,000 
volt lines. 

(2) High Tension Line Tapping. 

It is common on the Continent to do this for temporary' 
loads, by means of special hooks having insulated handles and 
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cables connecting with the transformer cabin. (Fig. 43). These 
hooks are hung on any convenient part of the transmission line. 
•In theory this does not seem safe, but in practice it apparently 
works well. It is pernjitted with even simpler hooks (as the 
current is but small) on 30,000 volt lines, but the large sets 
which are supplied at this pressure are always in the charge 
of a skilled man. 

For low tension lines, this method of tapping is allowed 
in the hands of the more intelligent farm foreman. 



Fig. 43. — The hook method of tapping a 30,000 volt flying line, to feed 
a 3,000 volt portable transformer for a 125 horse power electric jjlough. 

A safer way is to use one of the foolproof pole contacts 
which are now available for 1,.500 to ,3,000 and also 10,000 and 
30,000 volt lines. • These are very easily operated from the 
ground by a long rod. They avoid any possible wear and 
damage to the main transmission Une. (Figs. 44-46). 

(3) Portable Transformer Cabin. 

This usually comprises an equipment similar to the following 

High Tension Lead-in, consisting of insulators on an iron 
frame and insulaticd conductors leading to the High Tension 




ELECTRO-FARMINO 


145 


Csolating Links, High Tension Oil Switch, and High Tension 
reactances. Also a Watt-hour Meter with potential and current 
transformers and the main Transformer Low Tension Lead-out, 
consisting of insulators for bare conductors or a socket recep- 
tacle for a cable plug. 

The instrument transformers for the meter are generally 
fitted on the low-tension side of the main transformer. Some- 



times sleeping accommodation for the men is actually com 
bined with the transformer cabin. 

One type of transformer cabin incorporates special safety 
facilities in connection with attaching the hooks ^to the H.T. 
overhead line. A platform is provided, which can be pushed 
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up through a trap-door in the roof. This disconnects the cabin 
switch gear from the cables attached to the hooks. When 
the cabin is placed beneath the line wires, these can easily be 
reached from the platform. After the hooks have been placed 
in position on the three i)hase overtiead wires, the platform 
is lowered again into the cabin, making the hook cables inacces- 
sible and reconnecting tliem to the cabin switch gear. (Fig. 47). 



Fig. 47. — Portable transformer cabin, pole isolating 
switches and flexible cable drum. 

(4) Low Tension Supply. 

The low tension supply pressure depends, like the high 
tension, on the size of the motors and the distance between 
motors and transformer cabin. Usually the motors are wound 
for 200 to 5p0 volts, 380 being a common value. In the case 
of one make of large equipment using from 80 to 150 horse 
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l>ower motors, the motors are wound for 5,000 volts. To allow 
for drop in the lines, the transformer should give a slightly 
higher pressure than that for which the motors are designed. 

Depending on the distance, either a flying Low Tension 
line may carry the supply to a point near to the motors, whence 
short flexible cables will connect up, or the flexible cables may 
run the whole distance from transformer cabin to motors. Since 
the ploughing load is heavy, it can only in rare cases and over 
short distances be supplied economically direct from a low 
tension network, thus dispensing with the transformer cabin. 

(5) Flying Line. 

This is generally economical when the haulage is more 
than I mile (400 metres) from the transformer cabin. It con- 
sists of a temporary or permanent cheaply constructed over- 
head line. In some cases poles and insulators are erected perma- 
nently, and the conductors moved from place to place as re- 
quired. This method, while saving the labour of moving poles, 
also saves a considerable outlay on wires. 

(6) Low Tension Tapping. 

Since the Low Tension current is heavy, except in the 
case of the 5,000 volt motor equipment, a more solid method 
of connection to the flexible cable than loose hooks is necessary. 
A hook clamp intended for low tension service is shown in Figs. 
48 and 49, open and closed. 

A very simple method is that designed by Estrado for a 
flying line without insulators. Three short, flat, iron bars are 
clamped to the pole, each being connected to a line wire. A * 
rod which can be reached from the ground is providejJ.. At 
the top are three spring clips which can engage with the contact 
bars already mentioned. Bound to the rod is a three-core 
flexible cable, one dore of which is connected to each of the 
spring clips. By means of guides on the pole, it is easy to make 
and break contact from ground level. 

Another method is to have a socket contact fixed on the 
pole within reach of a man on the ground. An insulated cable 
is led down to this from the overhead wires, and a plug, attached 
to the flexible cable, is inserted in the socket when required. 
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J‘’ig. 49.— Hook for temporary Low Tension^Tapping, closed. 
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(7) Flexible Cables. 

There will be one or two flexible cables depending on whether 
the system of haulage uses one or two sets of winding gear. 
If two sets are used, it is usual to have one cable only leaving 
the flying line or tranSformer cabin, and leading to a point 
equidistant if possible from the two haulages. Here a junction 
box is placed, from which the cables feeding the two haulages 
radiate. 

Several types of flexible cable are used by different makers. 
For 5,000 volts a rubber-insulated armoured cable is used, 
protected with impregnated yam. 

For lower pressures armoured cables are not generally 
8upx)lied, the cab tyre sheathed type being very satisfactory. 
An earthed core or encircling braided sheath is sometimes pro- 
vided, but owing to the difliculty of getting a good earth, it does 
not seem to be worth the extra cost. 

The method of dealing with the flexible cable is one of the 
most important points in which the systems of ploughing, set 
out below, differ, especially in the case of tractor ploughs. The 
all-important point, as regards insulated cables, is to insure 
that they are not dragged at all over the surface of the ground 
— they should simply be laid down and then picked up again. 

Equipment. 

The system® employed may be classified into Tractors and 
Haulage sets, any of which can be used with either a plough 
or a rotary tiller (or alternatively in due season with cultivators, 
farmyard manure spreaders, artificial manure distributors, seed 
drills, rollers, or harvesting implements). 

(1) Types of Tractor Drive. • 

In tractors of the rear wheel drive type, in order to get 
sufficient adhesion for the drive, the weight must be taken 
chiefly by the driving wheels, and though these ^re fitted with 
strakes or spuds, the weight has to be considerable. As a result, 
even if the w heels are made as wide as is practicable, the pressure 
per sq. in. on the soil in many designs is too great, amounting 
to as much as 25 or 30 lbs per sq. in. (176 to 211 K^, per sq. dm.) 
with a one inch (2.5 cm.) sinkage. Such pressures cause pack- 
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ing of the soil and the formation of the objectionable ^‘hard 
pan ’’ below the depth ploughed. Further, when the land is 
very soft, the sinkage may be so great that the machine can- 
not be used at all. For this type of drive, the weight on the 
rear wheels, to give reasonable pressures of 15 to 20 lbs. per 
sq. in. (105 to 141 Kg. per sq. dm.) with practicable widths of 
wheel, should not exceed about 1 to 1| tons. 



Half creeper track and front or rear 
steering wheels. 


Fvill creeper track. 



Another method is to distribute the weight and drive more 
or less evenly over all three or four wheels of the tractor, these 
being coupled^ together. By this means enough adhesion is 
obtained with the weight much less concentrated and the pres- 
sure per sq, in. can be reduced. 

The next step is to use a half-creeper track which takes 
the drive and the greater paxt of the weight. By the use of 
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this method the pressure on the soil can be reduced to as little 
% as 4^ to 5 lbs. per sq, in. (32 to 35 Kg. per sq. dm.). A more 
usual figure is about 10 lbs. per sq. in. (70 Kg. per sq. dm.). 
It would be possible to distribute the weight over a still larger 
area by using an all-cifeeper track. The first designs of these 
had no lateral flexibility, and had to skid over the ground to 
steer, tearing it up severely. Later designs overcome this, and 
employ various methods of laying the track in a curve. For a 
general purpose tractor, however, it is preferable to use only a 
half-creeper track and retain a pair of wheels, either front or 
rear for steering. These should bo rubber tyred. 

Electric Tractors with Accumulators. 

Class (11) Electric tractors using an accumulator, depending on 
the soiljor tractive effort. 


Tpye (111) Accumulator carried on 
tractor. 


Type (112) Accainmlator carried on 
separate truck, hauled by the 
tractor to which c\irreiit is 
supplied. When ploughing, 
the accumukxtor truck can be 
left at the side of the field. 

Where the accumulators are carried on the tractor, type (111) 
with a rear wheel drive, it has been found that the weight is too 
great and the soil compression and sinkage on soft land is excessive. 

A suggestion has been made in France to use an accumu- 
lator on a separate truck, type (112) feeding the tractor by a 
trailing cable, qr a combination of flying overhead line and 
trailing cable. The truck would be hauled by the tractor to 
and from the charging station and left at the*side of the field 
during ploughing. This partly overcomes the objection of 
weight, the most satisfactory arrangement is only to depend on 
the accumulator for transport and to use current from the 
supply mains when on the field. • 
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Eleetrie Tractors using an external supply. 

Class (12). Electric Tractors connected to supply mains, de- 
pending on the soil for tractive effort. 


Type (121) Electric tractor with 
tram car type trolley and 
movable overhead bare con- 
ductor. 



Tjrpe (122) Electric tractor with 
cable rod at side of field. 



Type (123) Suspended bare 
conductor feed, with 
automatic friction-con- 
trolled winder on a 
stationary feeder 
wagon. 




Type (124) Flexible cable with 
automatic cable winder on 
tractor, so that the cable is 
not (iontinually dragged on tlie 
ground. 


Type (125) Electric tractor with 
trailing cable, automatic reel 
on tractor and automatically 
movable self-winding supply 
point at ctniire of furrow. 


Class (13) Electric tractors hauling 
on a chain laid across the 
field. 




Tractors with rear wheel drive and a trailing cable with 
no special winding arrangement, type (122) have not been found 
satisfactory in j^ractice. The weight of the tractor though not 
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so sreat as the accumulator type is enough to ca^e serious 
com%8ion of the soil and difficulties on soft soil, when carried 

tht toiling cable, lying on the ground 
behind the tractor. i§ easily run over and damaged, it is also 



Fig. 50.-A Swedish Electric Bare .Overhead Conducter. 

worn by being dragged across the ground, so that its liffi is 

'^^’^"^irLpended hare conductor feed, ty^ (12^ is typffi^^ 
by the Swedish made “Electrotank. (tig- 
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equipment, an insulated cable runs from the transformer cabin 
to a special cable trolley. From a mast on this, a bare, three- 
phase overhead line runs to a mast on the tractor itself. 

The cable trolley is anchored at a suitable point for supply- 
ing the whole area to be ploughed. It Carries an automatic 
reel for winding up the overhead line, driven by friction, from 
a motor which is kept continuously running, so as to keep the 
overhead line always at a definite tension. At the top of the 



Fi^. 51. A Flexible Cable Fed Tractor, type 124. 

mast, is a pulley for the outgoing line. The whole of this equip- 
ment can swivel into any position, as the tractor, moves about. 

The overhead ^line consists of three bare, tough aluminium 
alloy strips spaced at frequent intervals, with strips of insulating 
material. The normal length is 800 ft. (250 m.). 

The tractor is fitted with a full creeper track and its mast 
is about 19 ft. (6 m.) high ; for passing under telephone wires, 
etc., the latter cart be tilted to 45 degrees. The motor is a 600 
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volt, 15 horse power, 3 phase induction type and propels the 
machine normally at a speed of 2^ miles per hour (1 metre per 
second). 

A flexible cable-fed tractor, equipped with an automatic 
cable winder, in whicS the cable is raised on a mast, so as not 
to be continually dragged on the ground, type (124) has been 
designed by N. Eorssblad in Sweden and represents a con- 
siderable improvement in electric plough design. The tractor 
has ordinary straked wheels and the plough is either integral 
with the motor or attached behind. (Fig. 51). 

The main driving motor is 24 horse power, three-phase, 
with controller and oil switch. A separate motor is provided 
for automatically winding the cable reel. This motor is pro- 
vided with a special hysteresis control rheostat. When the 
tractor is driven away from the source of supply, the cable is 
drawn out against the friction drive. When the tractor re- 
turns, the cable is slackened. As the resistance to the motor 
drive is thus removed, the motor comes into operation and winds 
up the cable until it reaches a pre-determined tension. Owing 
to the hysteresis control, the operation of the motor is auto- 
matic ; further, it will not burn out when the tractor stops 
or the cable drum reverses. 

A derrick mast about 15 ft. (4.5 m.) high is suj)ported on 
the chassis, arul (jarries at the top a pulley fixed to an arm which 
can turn about the mast. This pulley receives the incoming 
cable and a second pulley guides it on to the drum. Between 
these two is placed another pair of pulleys, with vertical spindles 
and the cable passes between them. Thus the part of the 
cable nearest to the tractor is raised well above the ground. 

The capacity of such a tractor, with 3 shares, is about 
6 acres (2| ha.) per day to a depth of 8 inches (20 cm.) with 
a consumption ^f about 28 units (kWh) per acre (70 kWh. 
per hectare). , 

Major A. McDowall has recently developed, in Scotland, 
a new type of electric plough, type (125), which entirely avoids 
any dragging of the cable. It includes a method of lifting the 
whole machine sideways, at the end of each furrow, ready for 
the next. The flexible cable carried on the tractor, need only 
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be half as long as the furrow and it is automatically unwound 
and wound up again in the same straight line, thus avoiding 
all damage by dragging or over-running. (Fig. 52). 

The flexible cable is fed from a special feeder cable trolley, 
which runs along a line at right angles to\he furrows and equi- 
distant from either end of them. Another cable, which may 
be of any desired length, connects this feeder trolley to the 
farm distribution lino and is automatically wouncl up, by the 
pushing back of the trolley by the plough, each time it passes 
the trolley. Undoubtedly this is the best system that has been 
devised for feeding a tractor type of plough. A full single 



.52. — Kloc'tric Plough, developed in Scotland, by Major A. McDowall. 

Tyjje 125. 

creeper-track is fitted to the machine to distribute the pressure 
on the soil. 

It shoflld be noted that this tractor is a reversing type 
and is fitted with a set of plough shares at each end. This prin- 
ciple, which could also be applied to rotary tillers, saves turning 
the machine. It^is made possible by the use of either a full 
creeper-track as in this case, or a four-wheel drive steerable 
from either end. 

An alternative means of using tractors has*been tried, in 
which a chain is laid across the field and anchored at the ends. 
Class (13). The^ractor propels itself by hauling on the chain 
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in a similar manner to the so-called floating bridges in use on 
many navigable rivers. The chain must be moved forward 
after each operation. This can, of course, be arranged to be 
done by the tractor. The idea underlying this, is that the 
tractor can be made lighter since it has not to depend on gripping 
the soil for its tractive effort. A flexible cable feed is required 
as used with other tractor systems. In practice this method 
has not found very wide application. It introduces the compli- 
cation of anchorages without removing the weight of the haulage 
from the soil as the double haulage and round-about sj^stems do. 


(2) Steel Wire Rope Electric Haulage Systems. 

Class (2J ). Moving winding gears. 


Typo (211) Double -ropo 
system, with two single 
drum winders, one pro- 
gressing up each side of 
the field. 

Typo (212) IVl odif ied 
double - rope system, 
with one progrc'ssing 
double - drum wiiuh^r, 
and a progressing anc- 
hor carriage at tho 
other side of tho field. 



Class (22). Stationary Winding Gear.s. 


Typo (221) Rourifl-about 
or anchor-jnilley rope 
system, with one sta- 
tionary double - drum 
winder, and anc;horages 
at the c'orners of the 
field, two holding fixed 
pulleys, and two hold- 
ing progressing pulley 
wagons. 


Type (222) Modified round- 
about system, with mov- 
able clamps holding fix- 
ed pulleys on an auxil- 
iary steel anAioring 
cable instead of pulley 
waggons* 
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Wire rope haulages have two main advantages. The 
weight of the tractor does not pass over the soil, and the plough 
is reversible, thus saving the time needed for travelling over 
the headlands in turning a tractor. (The moving of the haulages 
or anchorages along the headlands is done alternately, the idle 
one being moved while the plough is travelling away from it). 

The limiting factor in furrow length is usual^ the difficulty 
of signalling. For stopping and starting, either arm or flag 
signals are made, or a horn, a syren, or a whistle is blown. Fog, 
and intervening hills, wind, etc., may prevent any of these 
signals being used over long distances, and in practice the length 
cannot greatly exceed a quarter of a mile (400 m.). 



Fig. 53. — The Double Hope System, with two Electric Haulages. 

Type 211. 

Among the disadvantages may be mentioned the extra 
power needed due to the friction of the ropes on the ground. 
This frietton also means heavy wear and tear on the ropes, 
especially on undulating ground and damp sandy soil. Another 
disadvantage of these types of ploughing tackle is their great 
weight which prevents their use in wet weather, as the head- 
lands then become too soft to travel upon. 

The double-rope system with two electric haulages, type 
(211), is very successful in practice. (Fig. 53), Some of the 
larger types have certain disadvantages, such as the great weight 
— about 14 tons for each winder — ^though this is only applied 


ELECTROFARMTNG 


15<> 


to the headlands. Also wide headlands are needed on both 
sides of the fields. On account of this latter point, the metluKl 
is ehietly snitai)l(‘ for large areas of comparatively poor land* 
This typo of ecjiiipment is more adapted for use by ploughing 
contractors or farmers’ 6o-operative societies, as its ca])ital cost 
(from £1,000 to £5,000 ac*cording to size), is too high for a single 
farnier. Its capacity for work is enormous, from S to 30 acres 



Fig. Largo cloctric haulage, typ<' lill. 

(3 to 12 hectar(‘s), poj' day can be ploughed as compared with 
barely one acre (0.4 hectares) for a team of horses. Owing to 
the high voltage* usually a]>plicd to the motors of the larger 
machines of 100 to 150 horse power, a skilled man in charge 
is necessary. * 

The Societe Gcuerale Agricole equipment for this class of 
work, is supt)lied with 4 to 0 furrow balance -ploughs, with or 






Fig. 56. — Large electric haulage, S.G.A. Equipment, type 211. 
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without sub-soilers, and up to a 24 tine cultivator. Tt is guaran- 
teed to i)Ioiigh 25,000 acres (10,000 hectares) in a season Owing 
to the w^eight of the haulages, no otiier anchorages are neeessarA^ 
for them. 50 horse ]30wcr petrol engines are fitted for transport 
purposes, when out of reatih of electric supply lines. ( Figs. 54-56). 

Another popular (electric jd^^^^^hing outfit of this type is 
to be found in use in Italy. It is made by Messrs. Fratelli 
Violati-Tescari,*at Milan. The equipment consists of two elec- 
tric haulages weighing about 55 owts. (2,794 Kg.) each. They 
are four-wheeled v(‘Incles, the two front wheels being the steerers. 
The motors are of JIO horse power and are placed on the fore- 
front of the vehicle. A speed reduction gear is incorporated 
and the drum paying out the cable can be operated to as low 



as 30 revoliitiorts ]K'v minute, if necessary. Tlu^ motor is of 
the enclosed type and a steel cabinet containing all the con- 
trols and instruments, and space for an operator, is fully ])ro- 
tected from the (dements. A four-furrow balance plough is 
supplied with the (apiipment and the cost of the whole outfit 
is in the region of £1,150, this figure including a ])ortalfio trans- 
former. It is capable of iiloughing about S acres (3 liectares) 
in a ten-hour day» Three men are required to ojieratc the set, 
one in each haulage and one on tlu^ plough. The mak(‘rs claim 
that the average cost per acre of ploughing with this equipment 
is about seven shillings. 

Another equipment, ustid in France, is that designed by 
Estrade. This is much lighter and less expensive, and naturally 
oovers a smaller area per day— about 6 acres— (2 hectai^es) 
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in eight hours. The motors arc of 35 horse power, three-phase, 
squirrel-cage typ(' and, when desired, can he coupled to the 
W'heels so as to move the haulage, as long as it is connected to 
the su]>ply. Two s])eeds arc availahl(% and 1.83 miles 

per hour (4.4 and 2.0 Km. per hour)! 

Tompoiary 500 volt overhead lines ar(‘ uschI, trailing cables 
being attaclu^d at certain tax)pij\g points. 

I'his equijunent is notable foi* a very ingenious anchoring 
arrangement which ])ermi(s of ?*omparatively light weight 
haulages. (Pig. 57). The haulag(^ cable passes ()V(*r a pulley 
at the end of a ])ivoted arm. The greater the tcuision on the 
cable, the lower will be the position of this arm and the point of 



application of the ])ull. The do\Mi\\ard movement of the arm is 
resistefl by a sysicun of oil dash pots, so that for (‘very value of the 
pull there is a ])()sition of (‘<juilibriuin, sueh that tlie resultant of the 
j)ull and the \\(‘ight of th(‘ haulage al\>a\s ])asses through the line 
joining the ])oints of eontaet \\ith tJie soil of the two inside wheels. 

Tin* vlu*els are titled with flanges, whieii with th(‘ rims, 
(‘iiolose a ])rism of earth. Thus instead of .depending on the 
friction due to,, the weight of the machine on the earth, the 
much greater friction of this compressed prism of (‘arth on that 
lying beneath is utilised, giving great stability. 

Seine of the large 4iermaii electrical engineering firms also 
supply a two-mot(u* eqiii])ment. The se usually have 80 horse 
power motors, for 750 volts, three-phase supplw These motois 
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are used both for hauling the ploughs aiul moving the haulages 
along. No petrol engijie is ])rovided for moving from place to 
place, when diseoiineeted from tlu^. sup])ly. 

The cost of a eom|^l(‘te equipment including two haulages 
and transformer vans, eabh^s, plougli, etc*., is about i‘4,500. 

Five-share balance ploughs are gcuK'rally ustal, liaving a 
working width of about (i ft. (> ins. (2 m.) and a working depth 
of about <SJ to 1() ins. (21 to 40 cm.). (Fig. dS). 

With these sets, eurnmt consuin[)t ion as low as lo units 
(kWh) per acre (37 kWh. per hectare) is clainu'd f(u* dt'pfhs 
not exc(‘edi]ig about () or 7 inches (Id to IS cm.). Tins is an 



Fi^. ;■)<). -Anchor wiij^on loaalod with s<'i'a})-ir()n. 

exceptionally low (Igun* as coni})ared with otluT ('(juipments. 

The single winder system, ty|K‘ (212), is intended f.o reduce 
the costs of th(^ d<)u])le winder system. In cost and siz(‘, it 
is a coin])ronlise ^ndween the double-wiiKhw and rotmd-ahont 
system. An anchor waggon of s[)(*cial design, with wide (uitting 
flanges on the wdieels, usually loaded with a c.onsitlerablc Aveight 
of ballast, is used at the o])])Osite side of the iield, thus disptmsing 
with one of the wanders. 

For any particular case, the two methods must ])0 judged 
in the light of the work required of tlu^ set. 

m 
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Tbc FreneJi anchor waggon flcHigned by Boyer is much 
lighter tlian the German onc‘s and is intended for use with much 
smaller niotors. It can be loaded with scrap iron, etc., when 
its own weight is insufficient. (Fig. i|9). 

Another ingenious Fnaich anchoring devic(i is that of 
Pelous. (Fig. (H)). This is used for smaller areas, as the arrange- 
ment will not stand so large a pull as the waggon type, and 
the plough returns light. The clamping device is shifted along 
the cable at each traverse. 

The author is ind(‘bted to Guedeney of La C'Om])agnie 
d’Eiiterprises Elect ro-Mecaiih pics, for turning his attention to 



the round-about anchor-pulloy method of ploughing, Upe (221), 
which, though v(‘rv old from a steam -tackle jioint of view, is 
comparat^ivel\ niM\ as an electrical method. 

The great advantage of the modern round-about system, 
is that the haulage gear has only to be brought into a field, 
after which it opcTates from that stationary position, thiis 
avoiding the mo\ement of heavy haulage sets on lu^adlands. 
Not only does the* use of headlands waste space, but also in wet 
weather they are often too soft to permit of work being done. 

The modern electric round-about sysltmi differs from the 
obsolete Ei>glh’h metho<l, in that the mechanical methods of 
anchoring arc very greatl 3 " imjiroved. ]\Iorc labour is involve(l 
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in setting a round-about system to m)rk for the first time. How- 
ever, the capital investment is much lower compared to the doubh* 
haulage method. Further, if permanent anchorages are installed, 
the objection as regards the labour of setting out is minimised. 

The tackle comprises a single electric motor with two haulage- 
rope drums, either of which can be driven by the motor, as de- 
sired by the oyjerator, while the other pulley pays out rope. 
The haulage rope is arranged, by the aid of suitable pulleys, 
to follow' round the sides of the field to be ploughed. At tw'o 
corners, anchored angle ]nilleys are provided. At the other tw^o 
corners, pulleys are mounted on w’aggons, from wdiich an anchor 
rope is tak(‘Ji to the end of the field. When the haulage rope is 
pulle<l, the waggons are drawn along to tlic' cxtejit permitted 



Total width tlie ;i furrows - 3 ft. 0 ins. (115 cm.). 

Fig. ()!.- Disgrain shovMiig variations of pull on a ])lough in th(i course 

of a siniijlo jonmey. 

by tlu' slack in tluMr anchor ropes. The balance-plough is at- 
tach(‘d to th(‘ haulage ro]>e hetweiMi the twTi pulley waggons. 
The method of jiloughing is to haul the plough from one pulley 
waggon to tlK‘ other. Th(‘ balance-plough is then turned over 
ready for the iitvxt set of furrows. Befon* starting the new 
run, tiu' anchor r(tl)e of the further pulley waggon is slackened 
out, thus ])ermitting tins waggon to a4vance a distance equiva- 
lent to twice tlie width of the new set of furrows. The plough 
is then drawn over to this furth(U’ pulley waggon and so on. 

This sj^stem is much more suitable for the average farmer 
to purchase, or for groups of throe or four neighbours, since 
the capital cost is much smaller. 
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To the supplier of current, the fact that the motor need 
not be larger than 30 horse- power is a gr(‘at point, for the peaks 
of four 30 horse power motors are much better distributed than 
those of one 120 liorse power motor. Since tliey will nearly 
always work at full load, the x>ow'er factor will be good. The 
variations of j)ull on tlie x)lough in the (‘ourse of a single journey 
arc shown in Fig. 61 . 

The e()mj)arativn lightness of the laeklc^ means that it will 
not be so liable to sink in wet soil and its season of us(‘fuln(‘ss 
is prolonged. The liaulage do(‘S not pass ovct tbt^ land 
ploughed, since it only (‘nters one cormu' of tiu' area and does 
not move, wliile about 40 acn's (16 )u‘ctarcs) are ])Jough(‘d, 



only the anchor waggon chains being slack(‘d out. For this 
reason it can often he ])laced near tlu‘ transmission line, saving 
cable and labour (H)sts. 

Tlie'iuimber of anehorag(‘s n^fpiired is ratluT a disach antage. 
They are based on the action of the stocklcss anchoi- of a modern 
steamer ; but the ecxui valent to the Jlukcs is sej)arat(‘, and 
consists of jK^nted angle irons. These arc‘ driven into the 
ground sex)aratoly through a sjiecial frame, which acts as a 
stock. When it is desired to take out the anchor, a trip is 
knocked out on the stock ; a strain is then put on the ro])C* by 
tht^ haulage gear, tht' anclior ()X)ens out and is thus easily x>ulled 
•out of the ground. (Fig. 62). 
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In a simpliiied form of tlie sysieiii, due to llouilhet, typo 
(222), using motors not oxcoeding 25 horse ])o\vor, the anelior 
waggons are displaced in favour of the two simple ])iilk‘ys and 
the anchorage is obtaiiK‘d by pieces of tijuber buried horizoji- 
tally a})oiit 55 inches deep {90 cm.) (Fig. (lo), w ith chains attacla'd. 
By keeping the power small, all fear of shifting th(‘ anchorages 
is avf)ided. This typo of plough, ada])ted for use with a 12 
horse pow('r motor, is now in use on the auilior s farm at Hast 
(Jrinstead. (Figs. (>4-00). 

For fields plouglu'd <‘\ery year, it is economical to l('ave 
th(‘ angle irons or the logs of wood ])(Tmanently in ilu' ground, 
as the time savtal much mon‘ tiuui outwcaghs their small cost. 



TJu' authof lias devised a nu'thod by uliich the round-about 
syst(un can be entirely controlled by one man riding on the 
plough. For ll]is aji insulated co]> 2 )er core is included in the 
liaulage ro]>e, and contactors controlled by a ])ush-button operate 
the electrical g(*ar. 

Th<‘ round-about equipments are much lighter and easier 
to handl(‘ than th(‘ other s>\stems described, and only nMpiire 
two J)H'n to opeijate th(*m Avhen once H(‘t iij) iji a tic’Id. Lately 
some very small rope-hauIag(* electric ]>loughs, of ouIn’ a few 
horse pov\er, have been put on tlie FreneJi market for work in 
vineyards. (Fig. (>7). 

Transport of Ploughing Equipment. 

This is accomplished by : 

(a) Horse or Oxen. 



ELECTRO-FARMl NG 


lOS 

(I)) Accuiiiiilators (either incorporated in the winders or 
mounted on a sei)arate truck). 

(c) Petrol (Migines incorporated in the w iiiders 

(d) Separate oil engine tractors. 

(e) Placing tlH‘ ecpiipment (by aid of its owji j)o\ver) in 
Petroi Lorries. 

The Ideal Equipment. 

As a result of his iiiv(‘stigations the author has conic to the 
conclusion that tlu' most suitable edeetrie equipments for uso 
under different conditions are as follows * — 
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As far as the tractor is coiicenieil, this nm.^t be an all- 
purposci tool. Jt must be able not only to ])lough foi- wheat 
and similar crops of thc' Western Hemis})here, but also to culti- 
vate between rows of vmes and of orchard fruit trees and to- 
plough the paddy and sugar cane Helds of the Far Hast. To- 
enabl{‘ it t{) hoe growing crops it must have a high ground clear- 
ance so as to pass ovc]* the cro])s (e.g., mai/A' and roots) without 
damaging them. 



Kijjj. ()."). - CoinxM-t mij; l-'.lrctin- IMou^iiin^ Kquipmoiit to Posvor Mnins^ 
at l']a^t (Jl•ln^lraH. 22 -. • 

Tliough tlu' tractor is universal, the iinplenu nts used behind 
it will vary \Vide?T’, and in ordering e-n outfit it is important 
to nu'iition local soil (diaiactcrist ics, class of fanning, d(‘pth of 
])loughing, maU< s and tvj)es of ploughs in ns(‘, not forgetting,, 
of c()urs(‘, the system and voltage of electric sujtply available. 

The ctpiipmcnt must for economy b{‘ controlled by one man. 
The tractor priiadple is advantageous Ix'eause it tivoids the 
work entailctl by anclinrages, as used in ronjid-ahout systems. 
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The storajcje balterv will serve for moving the o(j[ui|)ment from 
field to lield, and also enable the tractor to be us{‘d as a general 
])ur])ose vehicle, for haulage on the ])ublie roads and about the 
farm when out of roach of an overhead liiu^. This is an important 
point, for it is vctv desirable to avoi(f the lUHH^ssity for using 
aninml or other (‘xternal means of transport. 



i'ig. 00. — KlcM'tfic Ploughing note the ropes attnehcd to tlio jilougli 

Type 222. 'i* • 

Every farii^er requires a vehicle for the.se purposes, and if 
he can use the same one for ploughing, cultivatioi. and trans])ort, 
considerable ca]>ital outlay is saved. This is wt'l worth while, 
even if the s])eed on the road is eomparativtdy low. 

The use of a half-cree])er track will overcome the chief 
objection to tlu^ wheeled tractor, viz., the compression of th(‘ 
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soil flue' to its weight, for it becojiU'S possil^Je' te) n'diiee the 
pressure oii the soil to less than that due to a man's weight. 

This track may Ix' com[)oundcd of ruhhia’ and fabrifj, or 
ruh])er tyred wheels may run on a metal track. If a metal 
traedc is em])loyed, it slfould preferably be stt'eral)le so as not 
to skid o\'(‘r and damage the ground Mhen turning a corner. 
The front wheels of the traed-cw should b(‘ fillt'd with extra larger 
pneumatic tyres. Witfi this arrangement the e(|uipmeiit will 



Fj^. 07. VjDoyiiivI aii<l (^arilni lih'i trK IMoii^zh. 


be able to travel on the softest land, the pressur<‘ on tlfe ground 
being reduc(‘d to about 10 lbs. ])(‘r sq. in. (70 Kg. jX'r s(p dm.). 
As an alt(‘rna.tive,^ tlie ]Kjssibilities of th(‘ coupk'd four-wheeled 
drive shoukl not be overlooked. The main motor slundd lu' 
of abfmt liorsc* power. Since the field supply \Aill be alter- 
nating current, and an afx'umulator is also used, a s])ecial traction 
tvj'e s(*ri(‘s womid motor must be em})loyed. A fhwibh* cabh‘ 
will feed the tractor when within reach of an eh'ctric supply. 
A mast should be fitted to tlu' tractor, so that "tlu' (*al>l(' may 
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hang free in the air for a (iisiance of 35 to 40 yards (30 to 35 m.) ; ^ 
beyond this it can lie on the groiiiul. The drum should hold 
440 to 550 yards (400 to 500 m.) of cable. In combination with 
this, it would add to the life of the cable if an additional vvijiding 
motor of about 2 horse ])ovver were fiti^ui, having an automatic 
hysteresis control. In the case of tractors liaving a plough 
at each end, so that they can travel to and fro without 
turning, the tractor cable should be attached tt) a cable feeder 
waggon on wheels halfway along the furrow’. From a drum on 
this waggon a second cahl(‘ should run to tlu^ ()verhead line 
at the side of the held. Each time the tractor passes the w^aggon, 
it will push the latter back a distance e(|ual to the widtli of 
the furrow’s being jdoughed, at right angles to tlu^ direction of 
ploughing. Some of the second cable w ill thus be automatically 
wound up on its drum. • 

In this way all risk of the tractor running over the cable 
is obviated and the wear and tear is reduced to minimum, since 
it has only to lie on inst(‘ad of being dragged ovct the ground. 

No tractor embodying all these features is at j)r(‘sent on 
the market, though as far as the cabk^ handling is concerned, 

«r combination of the Forssblad, type 124, ajid Altdlowall, type 
125, systems would be most satisfactory. 

A tractor of this type would plough from 40 to HO acres 
fib to 25 lu'ctares) from a single contact in the middle of a field. 

In other words, continuous furrows of about % mile (SOO m.) 
in length eoukl be ])loughed. If a greater area must be reached 
from one point, it is easy to add another length of cable. How- 
ever, it is only on rare oci-asioiis that areas of more than 40 
acres (JH hectares) and furrows more than J mile (400 m.) long, 
have to fee plouglied at one time. Again, it is easy to arrange 
for several feeding points if a farm is to be equip})ed for electric 
ploughing. 

8uch a tractor could also carry out a variety of otlu^r work, ^ 
such as eultivatnig, harrowing, rolling, seed drilling, harvesting, 
etc. All standard implements, except harvesting machinery, 
could be used in the usual way. In the case of a reaper, this 
could only be moved up and down in a field returning light 
each time. O^itinuous cutting round the field is impossible 
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since the flexible cable of the tractor would always be twisted 
in one direction, but it would be easy to modify slightly a 
standard reaper so as to make it suitable for both riglit and left 
hand operation (i.e., to operate to and fro). 

Rotary Tillers. 

Though so far ploughing has been the accepted first opera- 
tion of tillage, it certainly seems unsatisfactory when the de- 
sired end is considered — to leave the inverted soil light and 
aerated. b"or the earth is really wedged over, and the bottom 
of the furrow is subjected to a pressure, which ttuids to produce 
the ‘‘hard x)an ” to which so many farnu^rs object. 

There are now^ (piite a number of machines in existence 
which attack the problem in an entirely different way. These 
are called rotary tilk'rs. As long ago as 1850, Wren Hoskyns 
pointed out that it is unftatural to apply mechanical j)ower 
to draw a cultivating tool in a straight line. Thc^ natural thing 
would be to use a revolving tool. »Just as the milling machine 
has largely superseded the })laning and shaping machines in 
engineering workshops, so it st'ems likely that the rotary tiller 
will eventually supersede the ])l()ugh. 

The effect of the ])rocess is to ])roduo(‘ a seed-bed in one 
operation, instead of tlu^ conventional stages of ploughing, culti- 
vating, iiarrow'ing ajid rolling, some of which an* often repeated. 

Practical farnuirs condemiKMl the earlier designs of these 
machines, as tlK*y could only produce a fine tilth, which, with 
autumn cultivation was apt to })ack too solidly after the tirst 
heavy raiii. Jn later models, however, witli an im 2 )roved shape 
of tine and by removing alternate ones, it is possible 'to leave 
the soil in the form of clods, and so minimise this difficulty. 
Further, manure can be thoroughly mixed w ith the soil and 
the weeds either buried or throw n out at the bac^k to be collected 
as required ; • thi‘> could not be accomplished by the earlier 
machines. The cultivating unit or miller consists of an axle 
carrying two sleeves, each of which is fitted with a number 
{usually ten) of specially shaped coiled springs. (Jn the ends 
of these arc fitted semi-circular t(unj>ered steel hooks, whicli 
are the actual cutting tools and are easily renewable. Owing 
to the springing, the hooks arc not normally damaged by meet- 
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ing obstacles, such as roots and stones in the ground. The 
miller revolves at about 150 revolutions per minute. The 
])rineiple is illustrated in Eig. 08. 

As previously mentioned, any of ihe types of electrical 
equipment already described could be tipplied to rotary tillers. 
While the tractor principle is jireferable, as the “miller” can 
have a direct drive from the motor, ro])e haulage (jould also be 
used, the “ miller being driv(‘n from the soil by bull or straked 
friction ^v heels. 

The machines so far (‘ojistnicled arc' of a self-contained 
type, com])rising the ])Ovv(u* unit and the cultivating unit. Three 



sizes have been in use for st'\(*ral years, having 4, 10 and 30 
horse pover motors. A 50 horse powcT, pc'trol drivc'u, rotary 
tiller, the Foote, was a\^ aided a silver medal at the Koval Agri- 
cultural Show in i9:2(). With the 10 horse power size, the 
average width of work is 3 ft. (90 cm.) and^tlic^dc'pth from 1 
to 10 inches (2’5 to 25 can.). The area covctccI varic's from 
0.2 to 0.5 acres (0.08 to 0.2 hectares) ])er hour, and the sjieed 
of travel is normally H miles (2i Km.) per hour, or J mile (1.2 
Km.) on low gear. 

The 30 horse power size is designed for larger farm areas, ^ 
It can deal wi^h 0.5 to 1.5 acres (0,2 to 0.6 lu'ctares) j^er hour, 
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the maximum depth being 14 inches (35 cm.). A recent develop- 
ment is the application of electric drive to this size. 

The four horse power machine is very useful for the smaller 
user, as it can work well in gardens and in any confined space 
such as between rows of vihes, or fruit trees and bushes. (Fig. 69). 
It has found favour for mountainside cultivation as is needed 
in Switzerland and elsewhere, since it can work on a slope of 
1 in 5 without difficulty. 



Fig. 60.— An electrically operated Rotary Tiller for Garden Work. 


Costs of Ploughing. 

Ploughing is looked ui)on by the layman as a strictly seasonal 
occupation. However, it is found in practice that an electric 
ploughing set pan .be kept fully occupied for at least 200 days 
in the year, quite a reasonable period over which to spread 
interest and depreciation. 

The costs of any kind of mechanical ploughing are very 
elusive, as the companies and co-operative societies, who usually 
carry it out, base their contract prices on existing horse-ploughing 
competition, also taking into account the fact that at certain 
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times farmers are quite willing to pay a little above the horse 
rate if the work can be accomplished more quickly. 

The contract prices collected in the report of the I.E.E. 
Electricity in Agriculture Committee,* form a useful comparison. 

The following are British priced: — 

Steam ploughing : 15/- to 25/- per acre, about 6 ins. deep. 

Tractor ploughing : 17/6 to 30/- per acre, according to 
depth and nature of soil. 

Horse ploughing : 20/- to 35/- per acre. 

As there is no electric ploughing yet in progress to any 
extent in England, no figures can be given. The following 
figures are for French electric ploughing contracts in 1924, 
according to Hubert : — 


• 

Depth of 


Total 

Depth. 

Price 

per acre. 

Ploughing. 

Subsoiiing. 










— 



Francs. 

S. 

d. 

in. 

cm. 

in. 

1 cm. 

1 

in. 

cm. 




10-12 

25-30 

5-6 

13-15 

15-18 

38-46 

137 

34 

3 

8-10 

20-25 

5-6 

13-15 

13-16 

33-41 

130 

32 

6 

12-14 

30-35 


; 

12-14 

30-35 , 

127 

32 

0 

10-12 

25-30 


i 

10-12 

25-30 

120 

30 

0 

6-8 

15-20 

5-6 

1 13-15 

11-14 

18-35 

120 

30 

0 

8-10 j 

20-25 


1 

8-10 

20-25 

93 

23 

0 

6-8 i 

15-20 


1 

1 

6-8 

15-20 

66 

16 

6 


The conversion to English money is at the rate of 80 francs 
to the £, but the comparison must not be taken too literally, 
owing to the differences between the external and internal 
values of the franc. 

At the same date, the charge for scuffling for a depth of 
.about 4 inches was 40 francs (10/-) per acre. As an approxi- 
mate rule, the charge for ploughing and sub-soiling was about 
10 francs (2/6) per inch of total depth per acre. 

* Journal British I.E.E. 1925, Vol. 63, page 840. 
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Any attempt to make an actual calculation of the cost 
of ploughing by different means, is apt to be unpractical owing 
to the assumptions which must be made. It is, however, inter- 
esting to compare the results thus obtained with the relative 
contract prices, for a tractor with an internal combustion engine, 
and a tractor with an electric motor. 

Assumptions. . 

Consumption of electrical energy 22 units (kWh) per acre. 
This is a very usual figure for average depths and soils on the 
Continent, though it would be more like 15 units (kWh) in 
England. Efficiency of motor and transmission of electric 
tractor, 75 per cent. 

Thermal efficiency of internal combustion engine 14 per cent. 

Calorific Value, Specific Gravity and Price of fuels for 
engine as follows : — 



Calorific Value 

Specific 

Price per 


B.Th.U.per lb. 

Gravity. 

1 Gallon. 

Petrol 

19,900 

0.7 

Is. 2d. 

Paraffin 

18,900 

i 0.8 

9Jd- 

Fuel oil 

18,000 

0.0 j 

Hd. 


Allowance for lubricating oil : — 

• 3|d. per acre with petrol. 

4Jd. „ „ „ paraffin. 

8d. ,, „ ,, fuel oil. 

Cost of electrical energy 0.85d., Id., and ].4d., per unit 
(kWh). Area ploughed in each case 5 acres per day. Cost 
of labour, engine driven tractor 8/6d. per day, electrically driven 
tractor 6/- per day. 

The cost, of .labour for the engine driven tractor is esti- 
mated higher, since more skill is required for driving it and also 
fuel and water must be brought to it when in use. 

Depreciation : Oil engine driven tractor with plough, first 
cost £475, rex)laced in five years. 

Electric tractor with plough, but without cable, first cost 
£500, replaced in 15 years. • 
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These relative times are not unreasonable, considering the 
well-known long life of an electric motor and the smooth drive 
which it gives. 

Interest 6 per cent. 

Work done per year, 200 days at 5 acres per day — 1 ,000 acres. 

Repairs and maintenance, engine driven tractor £40. 

„ „ „ „ electric driven tractor £20. 

Additional cost of depreciation on flexible cable for electric 
tractor £24 per annum, allowing for displacement in two years. 
Cost per acre. 

The 22 units (kWh) required by the electric tractor pro- 
duced at the axle 0.75 x 22 X 3,400 — 56,000 British Thermal 
Units (B.Th.U.). 

To produce the same amount of energy with the various 
fuels, the quantities required would be : — 

Petrol : 56,000 

== 20.1 lbs. — 2.9 gallons. 

0.14 X 19,900 

Paraffin : 56,000 

= 21.2 lbs. = 2.7 gallons. 

0.14 X 18,900 

Fuel Oil : 56,000 

~ 22.2 lbs. = 2.5 gallons, 

0.14 X 18,000 


Cost of 

Engine driven tractor. 

Petrol. 

Paraffin. 

Fuel Oil. 


s. d. 

s. d. 

s. d. 

Fuel 

3 5 

2 2 

1 2 

Lubricating oil 

H 

•• 4| 

8 

Labour .,. 

1 

1 

1 8i 

Repairs 

n 


9i 

Depreciation 

1 11 

1 11 

1 11 

Interest 

7 

7 

7 

Total cost pe/ acre . . 

00 

00 

7 6i 

6 10 
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1 

Cost of 

• 

Electric tractor. 

0.85d. 
per unit 
(kWh) 

l.Od. 
per unit 
(kWh) 

1.4d. 
per unit 
(kWh) 

■ 

s. d. 

s. d. 

s. d. 

Current 

1 7 

1 10 

2 7 

Labour 

1 2| 

1 

1 2J 

Repairs 

5 

5 

6 

Cable 

H i 

5| 

H 

Depreciation . . 

» i 

8 

8 

Interest 



H 

• 

Total cost per acre . . 

4 lU 

5 

5 llj 


To these, of course, must bo added overhead charges of, say, 
150 per cent., as is necessary in any business, to cover manage- 
ment, supervison, advertising, office expenses, etc. 

The results given in the table show that even with electricity 
at 1.4d. per unit, electric ploughing is cheaper than ploughing 
with a tractor using fuel oil, while with paraffin and petrol 
the difference is still more marked. 

The calculation does not take account of the fact that the 
work which can be done by an electric tractor is considerably 
greater for several reasons. Attendance takes up less time and 
stoppage for repairs are much less frequent, also all the trouble 
of purchase and transport of fuel, lubricating oil, water and 
spare parts is avoided. 

It is interesting to compare these figures with the actual 
costs of steam ploughing, as shown by the books of a large 
ploughing coritraeftbr. These figures are the average costs per 
acre of 5 sets operating over a period of twelve months. The 
average acreage ploughed per day was 5^ acres. 
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Cost of 

Steam Ploughing. 


s. d. 

Fuel and oil . . . . . . . . * 


Labour 

6 

Repairs and maintenance 

m 

Depreciation 

1 3 

Interest 

9 

Total cost per acre 

9 Hi 


Advantages o! Electric Plougbing. 

Those who oppose electric, or indeed any other mechanical 
ploughing, generally say that the farmer must in any case have 
a number of horses or oxen for harvesting, hoeing and general 
cartage, so that he might as well use them for ploughing also. 
This argument would be sound if the ploughing could be spread 
over a long period, and done a little at a time when the animals 
were not otherwise employed. In practice, however, it is ad- 
visable to get the main ploughing practically completed as early 
as possible in the autumn. Of course, for autumn sown crops, 
early ploughing is essential. It is, however, interesting to note 
that in Canada, even for spring wheat, it is usually considered 
best to plough in the autumn, particularly on Ijteavy, wet land. 
In England, bad weather often causes delay in getting on the 
land, on this account when a favourable opportunity occurs, 
something quicker than horse ploughing is of great utility. This 
is supplied by electric ploughing. 

The advantages of electric ploughing may be summarised 
thus : — 

1. Practically unlimited power is available behind the 
plough. Thus any obstruction within the' capacity of the 
plough can be broken up ; to prevent dame-ging the plough on 
a very severe obstruction, a safety device in the form of either 
a coupling pin which will shear, or a slipping clutch is fitted. 

Again, very deep ploughing becomes possible, such as 18 
inches (46 cm.| with 6 inches (15 cm.) sub-soiling. This is very 
important, particularly for sugar-beet growing. 
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2. The cost per acre for electric power is considerably 
lower than for any fuel. 

3. Saving in labour. The work of transporting fuel and 
water is entirely eliminated. Three men or in some cases two 
men are sufficient to work the apparatus, which can plough 
a much greater area per day than other methods. 

4. Increase^ in acreage available for producing income. 
Professor Fletcher of the University of California has calculated 
that on an average 24 per cent, of the wheat, 67 per cent, of 
the oats, and 44 per cent, of the hay, produced on a farm, are 
used for feeding the working animals. If electric power is 
used all this produce is available for sale. 

5. Advantage can be taken of favourable weather to get 
the whole area ploughed quickly. 

6. In addition it is possible, whore unavoidable, to carry 
out ploughing in weather when horses could not go on the land 
at all. 

7. Great regularity in the ploughing, giving a flat surface 
on which water will distribute itself evenly. 

8. In the case of cable systems the haulages do not traverse 
the main portion of the land ploughed, which remains light 
and aerated. 

9. Electric ploughing is of great importance in the develop- 
ment of the runal distribution system, and should therefore be 
encouraged by all engineers interested in rural electrification. 
It provides, if combined with scuffling and threshing, a steady 
load for some 200 days, right through the autumn, winter and 
early spring. The amount of this load averages two or three 
times that obtained from other sources, so that it is the main- 
stay of profitable rural electric supply* 

Conelusion* • 

Up to the present, the greatest progress in electric plough- 
ing has been made in Continental countries, such as in France, 
Germany, Scandinavia, Italy and Russia. The first equipment 
used in England was on the farm of Mr. Chorlton, at Cotgrave, 
Nottinghamshire. It was on the double-winder rope system, and 
was started up in 1910. The second equipment*to be put into 
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operation was that on the author’s farm, which is on the Douilhet 
round-about system. The third equipment in Great Britain — 
to be precise in Scotland — is that of Major A. MoDowall. 

Successful electric ploughing tackle on a variety of different 
principles, has been working in various parts of Europe for a 
number of years. In point of fact, over 200 electric ploughs 
are now in existence. 
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CI^APTER X. 


HARVESTING. 


Decimal Ckss. 631.55E 


Table XV. 

USES OF ELECTRICITY. 

Fans, 

Heaters. 

Elevators. 

Conveyors, 

ChafiBng Machines. 

Disintegrating mills. 

Pulping machines. 

Reaping machines. 

Combined reaping and threshing machines. 


Making Hay wi^out Sunshine. 

Normally, given suitable weather conditions, the ordinary 
way of making hay by aid of the sun is quite satisfactory. How- 
ever, in bad weather, artificial haymaking becomes a most 
attractive proposition. A rainy period at hay time sends up 
prices with a rush. This is on account of the fear that hay 
will be short and poor. So the farmer, who can supply the 
demand as it arises, can obtain high prices. Hence artificial 
drying or conditiorting or curing, is worthy of interest, and all 
preparations should be made for carrying it out jn wet seasons. 
It even has advantages in average seasons, for the hay can be 
made to a given standard of quality, with less labour. In 
making hay, about sixty per cent, of the growing weight of the 
grass has to be evaporated. In the case of the artificial method, 
this in itself is no light task, apart from the fact that most of 
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this excess moisture has to be carted to the place where the 
crop is to be treated. However, it is well known that rain- 
washed hay loses its most valuable constituents, the water 
soluables. Also over-ripe hay, due to delay in cutting, is rank 
and of little value as food. Hence the importance of an im-- 
proved method of haymaking. 

In many parts of England, adverse weather conditions 
occur at haymaking time at least once in every’ five years, while 
in Scotland and on the West Coast of Ireland the weather is a 
‘‘wee bit saft ” nearly every year. Again, where the land is 
cold, the hay crop is often delayed, and is apt to get caught 
by the early July rains. Thus any methods for making hay 
which are independent of the weather merit very careful con- 
sideration. The question is not a new one. The Swiss, Swedes 
and Germans, have expended thdiisands of pounds in vain 
attempts to make hay artificially. Experimental work to the 
same end has also been carried out by enterprising farmers in 
various parts of Great Britain for a period extending over 75 
years — again without satisfactory results. The very bad 
season of 1879 gave new life to the experimenters of that period 
and a great deal was done the following season. ApjJianccs 
were brought out, which claimed to dry the hay either in the 
field or farm yard. The idea underlying these experiments 
was that if only the heated gases from the interior of the rick 
were removed, the cool air from the outside would rush in and 
in this way do away with all the troubles associated with the 
heating of grass stacked in a damj^ condition. But the results 
were as unsatisfactory as the previous ones. 

Some years ago (in 1918), the author commenced experi- 
menting with small samples of grass with a view to ascertaining 
whether or not the early difficulties could not be overcome. 
As an outcome of this early experimental wcJFk, he was invited, 
as was also Mr, A. Boyd, the Ventilating Engineer, by the late 
Mr. W. W. Hood, the well-known mining engineer, in 1920, to 
take part in what turned out to be a successful experiment in 
artificial haymaking. This test was carried out in Scotland, 
where haymaking conditions may be said to be nearly always 
imfavourable. The type of rick employed was the standard 
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cock of the district, of about five tons, built on the usual local, 
equilateral, triangular pole support. The grass was cut green 
from a marshy meadow with the rain on it and immediately 
stacked. A wooden duct was led into the base of the stack 
with an outlet under th^ supporting structure. Air was blown 
through this duct, by means of an electrically driven plenum 
fan, which absorbed 3.25 horse power and produced a pressure 
of inches on* the water gauge. 

It was found that the rate of drying w^as in direct proportion 
to the amount of moisture susi)ended in the atmosphere. No 
drying took place when the atmosphere was saturated, though 
the passage of the air through the stack prevented the rick 
from over-heating. The rate of evaporation was found out to 
be at the rate of 2 oz. per 1,000 cubic feet of air per degree Fahren- 
heit (03 gm. per cubic metfe of air per degree Centigrade). 

During this test, as one of the experiments, ^moke was 
introduced to the stack through the fan intake. It was very 
interesting to note the uniform manner in which this smoke 
appeared all over the stack, which greatly relieved the minds 
of the experimenters. This demonstrated the effectiveness of 
the primitive form of duct employed, and showxxl that very 
simple apparatus is required for this process of haymaking. 

Owing to the prevailing rain and mist, the rick only actually 
dried when the air was not fully saturated. Hence the making 
of the liay in this instance occupied some thirty hours. Alto- 
gether the experiment was so promising that it justified a scheme 
for dealing with the English type of rick, containing about 25 
to 40 tons. The author was the first to make a successful full 
sized rick in this manner, and soon afterwards a similar stack 
was constructed near Chepstow under the supervision of Mr. 
Hood. The fans required for these ricks only consumed five 
horse power. • •• 

It is rather extraordinary, but very little, scientific work 
had been carried out to investigate what really occurred in the 
process of haymaking. Hence very little data was available 
to facilitate the author’s work. As a result of the experiments 
conducted by him, he came to the conclusion that hay has to 
be cured and not merely dried. The engineers bf the Ministry 
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of Agriculture and Oxford Engineering Institute consider that 
It is sufficient to dry the material. However, livestock seem 
to prefer the cured hay to or^Linary hay, and further, forage 
merchants give a higher price for the cured material simply 
on the basis of inspection and test. • 

In the first stage of this curing, heating occurs due to the 
respiratory activity of the plant cells. During this period the 
hay sweats and reaches a temperature of aboilt 122 deg. Fahr. 
(50 deg. Cent.). Then further berating occurs, attributed by 
various authorities to bacterial action, ferment activity and the 
catalytic action of combinations of iron and manganese. These 
actions result in an increase of temperature to about 158 dog. 
Fahr. (70 deg. Cent.). 

A good deal of vapour is given off, together with an aromatic 
smell, and the hay turns a light brown colour. If not controlled 
properly, the stack heats further and chemical changes take place, 
which, if not arrested, say by the aid of a fan, eventually destroy 
the nutritive value of tlie hay, even if the stark is not set on fire. 

The modern processes of artificial haymaking have been devel- 
oped by engineers witli farming and ventilating engineering experi- 
ence. Probably til is, coupled with tlie fact that better appliances 
arc available to-day than tliere were forty years ago, accounts for 
the greater success attained by present day experimenters. 

Modem methods may be approximately classified as follows: — 

Methods of carrying out operation. 

Fixed fan installation. 

Portable fan installation. 

Continuous conveyor system. 

In a vehicle. 

Different Methods of Treating the Hay. 

Curing (without internal structures) : 

with (a) (void air, i.e., at temperature of atmosphere, 
(b) Hot air, above 180 deg. Fahr. (82 deg. Cent.). 

Drying (with internal structures) : 

with (a) Cold air, i.e., at ordinary temperature. 

(b) Warm air up to 180 deg. Fahr. (82 deg. Cfent.). 
*(c) Hot air, above 180 deg. Fahr. (82 deg. CJent.). 
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The Curing Process (without internal structures). 

The aim of the author’s later work has been to obtain 
properly cured hay by a method which would permit of the 
treatment of large stacks (of the sizes usually constructed by 
most farmers), either in •the field or under a Dutch barn, and 
he has successfully treated stacks of from 15 to 60 tons, producing 
excellent hay, as distinguished from merely dried grass, as the 
latter has not the same fodder value for animals. While the 
author’s first ricks were far from perfect — as might have been 
anticipated — all the hay he has produced artificially has been 



Fig. 70. — Preparing the ducts. 

consumed with avidity by cattle. This is obtained by tempera- 
ture control, which allows certain bacteriological and chemical 
changes to take place, and at the cmrect point the processes 
are arrested, with^he result that a sweet-smelling hay is ob- 
tained of good food value and all harmful fermenting is avoided. 
The process is essentially of a very Bimi)le character and can 
be carried out, without danger, with very little instruction. 
There is no need to make wooden frames upon which to build 
the rick. On the place where the ricks are to be built, ducts 
or covered channels are constructed about ten f»5et apart, with 
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openings at, about every ten feet of their length. Instead of 
making these ducts of wood, asbestos-cement, concrete or 
sheet metal, they can be very simply constructed as is shown 
in Fig. 70, by cutting a trench in the ground and covering this 
with pieces of wood ; the earth that has been removed in cutting 
the trench can be placed on top of the wood so as to keep the 



Fig. 71. — Conatruution of duct. 

• • 

duct air-tight. (Fig. 71). Air tightness is also facilitated by 
putting a sheet of ruberoid over the wood and throwing the 
earth on the top of that. On the left-hand side of Fig. 72, 
near the man’s foot, will be seen one of the openings covered 
with wire netting. It will be observed that high -sided exten- 
sioiis are proWded so as to give the air a lead into the cavities 
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above. The next step, before commencing to build the rick, 
is to place over each opening a drum or former ; the object of 
these drums is to make vertical cavities or closed shafts within 
. the rick. The rick is built in the ordinary way and when it 
comes up to the level o4 the top of the drums, the drums ^ 
pulled upwards in the same way as the old-established practice 
of drawing a bag of hay up a rick of straw when making a venti- 
lating chimney. • When making hay in the modem way , however, 
the former is removed when the cavity has reached about two- 



Fig. 72. — Putting the formers into position over the ventilators in the ducts. 


thirds of the height of the finished st^k. Some pieces of wood 
or a trellis are then thrown across the cavity, to prevent fresh 
material from falling down and filling.it up and the rick is com- 
pleted in the usual way. The object of these vertical cavities 
is for the purpose *of distributing the air equally from the ducts. 
(Fig. 73). The main ducts in the ground under the ricks are 
led to a portable fan. This can be operated by an oil engine, 
a tractor or an electric motor — the latter is, of course, the most 
convenient and cheapest method where electricity is available. 
(Fig. 74). It is advisable to run the fan for ati least an hour 
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within the first twenty hours from the time stacking is com- 
menced. If the grass or sheaves are very wet with rain, blowing 
must be commenced immediately the stack is completed and 
continued for 10 to 15 hours ; this allows the air an easy passage 
as the stack will not have consolidated and the surface moisture 
is more easily removed and all danger of mould eliminated. 
Temperature readings are then taken twice a day and it is usually 
found that blowing is necessary for about half>an-hour to an 
hour every day for ten days, to keep the temperature within 



Fig. 73. — A cross sc?ction of tlii’i finished stack showing ono of the 
vertical cavities. 


])roper limits. Three or four thermometers wdiieh are enclosed 
in steel tubes are pushed into the stack for a distance of 
feet at heights of 5 to 16 feet above the ground. They are 
adjusted for reading at any point within the rick by means of 
n, length of wir6 projecting from the top. The size of fan required 
/or a stack of from 25 to 100 tons is one that will absorb the 
full power of a five horse power electric motor or of a 7^ horse 
power oil engine. It is better to err on the right side and get 
a fan that is too large, rather than one that is too small. The 
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existence of a fan in a stack yard is better than a fire insurance 
policy, as if the ricks are constructed with ducts in the manner 
described above, even though the hay is made in the ordinary 
way. any tendency to heating can be controlled by the fan. Four 
years out of five, better hay can be made by the improved process 
than by the ordinary method, that is, though better hay may 
be made in the ordinary way, one year in five, the farmer who 
is working the new process is assured of a hay of uniform quality 
every year whatever the weather may be. Hay made in this 



Fig. 74. — T<^siiiig the torripcrature of tho stack. 
(Note portable motor.) 


wa^" is more closely packed in the rick than ordhiary liay, thus 
facilitating cutting and baling. As there is no need to toss 
the hay in the field the clover and other similar herbage is all 
conserved in the rick. In the ordinary way a great deal of 
this is lost in the tossing and carrying, as it becomes brittle, 
falls to the ground and is left in the field. 

Artificially cured hay looks better, and has a better aroma 
than naturally dried hay (except in about one year out of five). 
Also the food or nutritive value is greater. Incidentally, when 
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artificial curing is adopted, the process can be made a continuous 
one, and not hurriedly accomplished with a large amount of 
special labour, as is usually the case with what may be termed 
natural or semi-dried hay. The author’s practice in favourable 
weather is to cut in the morning and with the aid of the same 
men stack in the afternoon. 

The results obtained should go far to revolutionise hay- 
making and save the farmer very considerable sums of money. 
The following table, based on an analysis of haymaking costs 
in 1921 for average crop and weather conditions, shows how 
large the saving becomes. Since then, costs have been reduced, 
however the proportions naturally remain the same. 

Table XVI. 

AJTALYSIS OE HAYMAKI^^O COSTS IIJ 1921 FOR AVERAGE CROP AND 
WEATHER CONDITIONS. 


Sun-made 

hay. 

Electric 

fan-made 

hay. 



£ s. d. 

£ B. d. 

Cutting 


10 0 

10 0 

Turning (twice) 

. . 

6 0 

nil 

Raking (once) . . 


i 0 

nil 

Windrowing 

. . 

3 0 

3 0 

Carting and Stacking 

. . 

18 0 

18 0 

Cost of electric power . . 


nil 

1 3 

Interest and depreciation of blowing 



plant at a cost of £60 


nil 

1 0 

Total cost per acre . . 


£2 0 0 

£1 13 3 


In making comparisons between the cost of the two systems 
it must not be forgotten that the present method of cutting and 
carting can be simplified and changed where field drying is not 
required. This will reduce the cost of fan-made hay still further. 

Having^ dealt with the practical features of the system, it 
may now be well to consider the underlying principles. 
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In the process and by means of the devices employed in 
ihe carrying out of the author’s method, the final conditioning 
yt the hay or cereal crops is achieved by natural bacteriological 
Sind phemical actions, and the blowing of preheated or ordinary 
air through the ducts or passages constructed under, through, 
or in the stack, is employed to check or control such actions 
when they have progressed sufficiently and to distribute the 
heat which has bben generated in lower portions of the rick 
due to such actions which are normally more active where the 
consolidation of the mass is greatest. The effect is to cause 
similar actions to commence in adjacent higher and less consoli- 
dated portions of the stack at an earlier period than would 
normally be the case. Owing to the pressure of the material 
in the rick, the actions referred to above commence at the bottom 
of, and also in the centre of* the rick, and work progressively 
upwards in accordance with the control by blowing air through 
the rick as required, to approximate that temperature which 
experience has shown to be most desirable. This temperature 
varies for hay from 80 to 160 deg. Fahr. (27 to 71 deg. Cent.) 
in accordance as to whether a green (for cattle) or a brown (for 
horses) hay is desired or some intermediate colour by aid of an 
intermediate temperature. For unthreshed cereal crops, a 
suitable temj^crature is in the neighbourhood of 80 to 120 deg. 
Fahr. (27 to 49 deg. Cent.). In previous attempts and methods 
of drying or curiflg hay or cereals in the stack, frames or racks 
have been used around and over which the grass or sheaves 
have been stacked forming vertical channels through which air 
is forced. This method has been found in practice to be in- 
efficient and to result in a product of un-uniform quality and 
appearance. This is due to the fact that the green material 
shrinks in height with the result that the upper parts of the 
rick resting upon retained by the framework, cause layers 
of lower air resistance through which an excessive amount of 
air is passed, thus short circuiting the denser and hotter portions 
through which the air blast is most desirable. 

Now the author’s system is based upon attaining equal 
air resistance at all parts of the stack and enable this equivalent 
resistance to be approximately maintained throughout the con- 
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ditioning process. By so avoiding short circuiting of the air, 
uneven bacterial action, chemical action, heating and therefore 
inequalities in the product are obviated. 

Another advantage gained by this method is the ease with 
which rectangular stacks of any size can be built and handled. 
It is advisable that the building of the material about any central 
shaft, should be completed within a working day, in order that 
uniform results may be obtained throughout the mass, with 
less intelligent control. By this method, it is possible by suit- 
ably choosing the shaft spacings, to build a large rick in con- 
venient stages, so that one end of such a stack may be cured 
hay, before the grass has been stacked at the other end. It is 
possible to do this by providing suitably vertical ducts or air 
shafts of suitable size and running from top to bottom of the 
ricks, to carry off the moisture, air, etc., blown out from the 
neighbouring air shafts. 

In order to prevent air leakage between the newly built 
parts of a large rick and those aln^ady in the ])roc<.‘Ss of curing, 
suitable keying sections in place of straight line or plane sur- 
faces are made use of, which may be formed by ordinary building 
or by the use of temporary external wooden or metal frame 
works whicli are placed in jiosition whilst the section is being 
built. The section so built, forms a bond into or against which 
a now section may be built in like maimer, so that air will tend 
to be distributed by means of the vertical shafts provided, in 
the same manner as if the rick w(‘re constructed as a complete 
rick in one stage. 

In ordcT to j)revent loss of air through inlet bases not yet 
covered, or to cutofl'theairsupply to sections in which blowing is 
no longer desired, a system of valves or flap doors which may be 
closed manually by crawling through the ducts or by any con- 
venient extemal means, is employed, or by electrical or pneu- 
matic or other imethod of remote control, as by means of a bye- 
pass operated air valve and other equivalent devices. 

It sometimes happens, as for instance in stacking under a 
Dutch barn, that the available height is not sufficiently occu- 
pied after shrinkage has taken place, due to the loss of volume 
consequent on curing (roughly 50 per cent,). In such cases 
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further material may be built over the conditioned material, 
by first removing or flattening the original ridge and then cutting 
by any suitable rick ventilating tool a vertical duct to communi- 
cate with the duct formed when building the lower part of the 
rick. The process can tlicn be repeated and in such a manner 
the maximum height of the barn can be utilised. 

Alternatively the former may be allowed to remain in the 
partly built rick and will then serve to close the shaft tempo- 
rarily while treatment is proceeding. In this way, more material 
can be conveniently added to the rick as shrinkage takes place. 

If the hay drying apparatus be combined with auxiliary 
arrangements, for drying fruit, vegetables, }ioj)s, etc., it becomes 
a paying pro]X)sition for any farm, even when it is not used 
for hay drying in favourable sunny seasons. In fact, the elecHiic 
motor can bo detached and ^m])lovecI on other work during most 
of the year. 

It must be remembered that as hay is a bulky aufl eheaj> 
substance, the cost of handling must be reduced to a minimum. 
In fact, in Germany, artificial hay drying has hevn commer- 
cial] y unsuccessful in many ]>arts. owing to close ahderence 
to vegetable drying methods which involve double transport, 
and much handling. While the process was not devc'loped 
with the id(^a of saving labour in the field, in practice it does 
vso, for the trouble of turning and often the nee.essitv for cocking 
is eliminated. Against this saving has to be set the cost of 
running the fan, which however is only a little over a shilling 
a ton. As the grass is carried in a green state, the weight to 
be transported is greater ; on the other han<l, less labour is 
required to j)ack it on the hay charts and also in stacking it. 
Further, it will be appreciated that a load of liay really repre- 
sents only a fraction of the pulling capacity of a tractor ov a 
team of horsed, for it is so bulky comi»ared with its weight. 

While the instructions for this process, as .will have been 
gathered from the above description, are very simple, it will 
be appreciated that the dimensions given for one size of rick, 
will not necessarily serve for another. The reason for this is 
that the whole process depends upon ventilating engineering 
principles and the^ resistance to the passage of tfie air must be 
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equal in every direction, or else the rick will not be under proper 
control. The whole thing looks so simple, that one is apt to 
think at first sight that there is nothing more in it than that 
of driving air into a stack. Several farmers, who were enter- 
prising enough to try out the system* upon the basis of what 
they had seen or read about it, have been unsuccessful. This 
might have been anticipated, for if the process were as easy 
as it looks, it would have been done many years ago. 

Fixed Fan Installation. 

Unknown to Mr. Hood and the author, Mr. Charley Tinker 
had previously made dried hay artificially on a large scale, by 
a different process. This particular method, however, involved 
treatment of the hay in comparatively small lots, which had 
to be removed when dried and staqkeid elsewhere, so that the 
somewhat expensive installation could justify itself by being 
used for further crops. However, it is doubtful whether it 
pays to do much handling on such a cheap crop as hay. Mr. 
Tinker's process, in the author's opinion, is essentially one of 
drying by subjecting the crop to an excess of air, and not of 
curing. 

Portable Pan Installations. Drying with internal structures. 

Cold and Warm Aii’ Processes. 

The author having satisfied himself by further full scale 
tests, on a modified basis, that artificial haymaking was a pro- 
cess that could be carried out by any farmer, the Ministry of 
Agriculture was approached with the suggestion that corrobora- 
tive tests should be made. Through the courtesy of Sir Daniel 
Hall, the Ministry agreed to do this, so officials visited the author's 
form to inspect the ricks built there, and they also went to see 
the rick built at Chepstow under the supervision of the late 
Mr. Hood. They subsequently carried out* a number of full 
size experiments in 1924. Unfortunately, these experiments 
were not as successful as they might have been, as it was decided 
by those in charge of the tests, to explore some of the work of 
the earlier experimenters, instead of taking full advantage of 
the experience of Mr. Hood and that of the author. During 
the winter the Ministry conducted some most useful, 
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valuable and painstaking laboratory research, which added much 
to the scientific knowledge of the subject. During the progress 
of this work, the technical staff of the Ministry of Agriculture 
was transferred to the Institute of Agricultural Engineering at 
the University of Oxford. This time they reverted to pre- 
heating of the air, at various temperatures up to 180 deg. Fahr. 
(82 deg. Cent.) which had been tried and given up as unnecessary 
by the author for ordinary hay, though it has advantages for 
leguminous crops such as clover or hay made of fleshy marsh 
plants where there is excessive moisture. The apparatus, which 



Fig. 7/5. — Drying plant used by the engineers of the Ministry of Agri- 
culture and Oxford Engineering Institute. 

has recently received so much publicity in the press, has now 
been put on the market by a private company. (Fig. 75). It 
consists of an oil fired preheater (as an alternative to the electric, 
wood and cokb preheaters previously used by the author and 
his friends), a fan, a canvas duct, a metal duct and a central 
wood frame chamber. The latter was adopted from Mr. Tinker’s 
work. These central chambers are a serious drawback, as their 
presence makes it difficult to cut the stack for trussing. The 
plant can be operated by a tractor or farm engine or electric 
motor of about 2^ horse power. The heater is constructed so 


ELECTRO-FARMINO 


2A) 

that paraffin or fuel oil burners are used to heat two S shaped 
tubes arranged horizontally. The tubes are made of sheet 
metal wuth firebrick linings. 

The air is drawn by the fan across the heated tubes and so 
becomes warmed. The warmed air is tlien driven into the stack 
by way of the canvas duct and metal inlet duct. The canvas 
duct connects the outlet of the fan to the metal inlet duct, 
and may cither rest on the ground or else be sunk in, so that 
the air is directed upwards. The latter method has proved 
more satisfactory. The diameter of the duct near the central 
chamber is larger than it is near the fan so as to allow the stream 
of warm air to be distributed more regularly throughout the 
stack, by avoiding the disturbing effect of turbulence. Wood 
battens, covered with wire netting and made in a conical shape, 
are used to form the central chamber. There an) two designs 
of the central chamber, both of which arc due to Mr. Charley 
Tinker. The first is a simjde form with no daraj>ers. Where 
this one is employed, th(‘ whole stack must be built before blow- 
ing commences. Th(‘ second type, is provided with dampers, 
so that blowing may commence when the stack is about 3 or 4 
feet above the first dam 2 )er. The number of stacks cured in 
this v^ay, though they have not been as successful as their pro- 
moters expected, have at least substantiated tlie success of 
what might be termed the modern school of^ haymaking by 
artificial methods, as developed by the author and his friends. 
Unfortunately, a great deal of money has been rather uselessly 
expended on the official tests of this method (in the early stages 
this amounted to £8,000 ; the actual figure to date, given to 
the author in confidence has amounted to very considerably 
more than this). Most of this expenditure might have been 
saved, if only advantage had been taken of the freely proffered 
advice of the private investigators and ra'ifch •better results 
would have bean obtained, as even now, only small stacks can 
be dealt with in this way, of which only about fifty per cent, 
have been really successful and these probably only because 
the hay was allow^ed to be on the field one or two days before 
stacking. The^ Ministry have, however, recently published the 
results of their tests and have now acknowledged (which is some- 
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thing that they were not inclined to do before) the previous work of 
the modern experimenters, whose workis referred to in this chapter. 

Hot Air Process. 

During 1926, the Ministry designed a new plant which 
was in effect a hot air process, using a temperature of over 180 
deg. Fahr. The apparatus employed is considerably larger than 
that used in the* past. It is approximately nine feet high, live 
feet wide and ten feet long and weighs about 2 \ tons. (Fig. 76). 



Fig. 76.— New portable hot air apparatus in operation. 

The general principle of design is similar to that of the 
earlier models, except tliat improved burners are substituted 
which consume a cheap fuel oil. Tests have showm that the 
consumption of oil is about one gallon per hour and it is stated 
that this oil can* be jnirchased for 4:|d. per gallon. There is 
still one serious drawback to this system ; th® ricks that are 
made are pf a size more in keeping with Scotch practice and 
are probably far too small to please most English farmers. 
However, this plant has shown that a high temperature (over 
180 deg. Fahr. or 82 deg. Cent.) eventually produces certain 
satisfactory results and has opened out an entirely new’^ field. 
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Continuous Conveyor Drying Process. 

A conveyor belt continuous drying process has been recently 
developed by Mr, Arthur J. Mason, a leading American engineer. 
During 1926, the first commercial plant of this type was installed 
at Plainsboro’, New Jersey, U.S.A. TMb method of proceedure 
with this system is as follows : — 

A modified reaping machine is drawn by a tractor and cuts 
the crop up into lengths not exceeding nine inches and delivers 
it automatically into a lorry running alongside it, which 
has a steel body about eight feet wide. When the lorry 
is full, it is taken away to the drying plant and another takes 
its place alongside the harvester. When the lorry arrives at 
the drying plant, the crop is tipped on to an elevator which is 
operated by a ten horse power electric motor and carries the 
crop to a height of about twenty feet. The crop then passes 
through spiked rollers or beaters where it is combed and pre- 
pared into an endless mattress of uniform texture eight feet 
wide and ten inches thick. 

This mattress is then delivered by a chute on to a horizontal 
conveyor of about 160 feet long, which is driven by a ten horse 
power motor and travels at a speed of about five feet })or minute. 
This conveyor then passes through a drying tunnel, which is 
about eight feet high and made of corrugated, curved galvanised 
sheets. Heated air, at a temperature of from 250 to 270 deg. 
Fahr. (121 to 132 deg. Cent.) and for non -leguminous crops up 
to 400 deg. Fahr. (187 deg. Cent.) is blown in at one end of the 
tunnel and passes over the top of the crop. An 80,000 cu. ft. 
fan clriven by a thirty horse power motor is used for this work. 
The air is heated directly by passing through an anthracite coal 
fire, and as this coal is free of smoke and sulphur fumes, it does 
not have any deleterious effect on the crop. The air enters at 
the finishing end of the tunnel and passes over the top of the 
crop, down thrQugh it and then along underneath it. At the 
centre, there is a fioating door which causes the air to rise through 
the crop again, whence it passes into the atmosphere in a saturated 
state through a vertical stack. 

When the crop has passed through the drying chambers 
it is conveyed tt) chaflSng machines and is there bagged or baled 
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immediately. A fifteen horse-power motor is required for this 
operation. When a lucerne crop has been treated, it is usually 
reduced to a powder in a disintegrating mill which is operated 
by a forty horse-power motor. This machine includes a fan 
for blowing the finished^roduct through a delivery pipe. These 
pipes are run in to a bam which is equipped with storage bins 
and sack fillers. With this system, it is claimed that a crop 
growing in the *field can be converted into hay and baled ready 
for transporting in forty minutes and the whole operation can 
take place without the crop being handled by a single individual. 
The plant will cure and bale twenty tons of hay in ten hours 
and the labour required is one man for mowing, three men for 
hauling and four men at the plant. The amount of coal used is 
about 8 1 tons per day. The cost of this plant, including mach- 
inery, tractors, motors and* storage plant is about £4,500, which 
at first sight appears to be a high figure. However, it should 
be borne in mind that eight men working on 600 acres of land 
can operate a plant of this type for 165 days of the year and deal 
with over £12,000 worth of products. This is therefore, in prin- 
ciple, a most important advance in economical farming methods. 

The colour of the hay produced in this way is green, and 
it is claimed that this is good evidence of its digestibility. 

Hay Drying in a Vehicle. 

On the Continent, F. Ringwald has successfully dried hay 
in the waggons, before transport from the field to the bams 
(where the hay is stored in Switzerland). For this purpose a 
duct, provided with vertical, galvanised sheet metal stand- 
pipes, is placed ready in the bottom of the cart before loading it. 
When loaded, the cart is taken to a fan installation and backed 
on to it, so that the outlet of the fan can be connected to the duct 

on the hay waggon and aii* blown through the load. 

• > 

Curing of Corn. 

The curing method that has been employed for hay has 
also proved very satisfactory for the curing of com. The com 
is cured in a similar fashion. It is stacked immediately after 
cutting and the necessity of stooking, with its attendant losses, 
owing to birds, vermin, and the weather, is avoided. Further 
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there is no loss of grain owing to the shaking during handling, 
a loss which is considerable with the usual method in wet weather, 
as the stooks of ripe grain have to bo turned a number of times 
to dry them. Further losses are also experienced by the grain 
sprouting and, in the case of barley, becoruing bleached and so losing 
its value for malting. For leguminous crops the system is excep- 
tionally valuable, peas, for instance, are a particularly risky crop 
under ordinary conditions, but the new method eliminates the 
risk entirely and produces an excellent green sample. The field is 
also cleared immediately, so that ploughing can be proceeded 
with much earlier than is the case with the old method. Since 
cultivation can be proceexled with so promptly an earlier and 
greater yield of the succeeding crop can be obtained. 

Hard grain is immediately obtained, so that threshing and 
grinding can be done many month.% before the usual time. In 
fact, an excellent milling wheat is produced. This gives the 
farmer an opportunity of marketing his produce when prices 
are good. The straw obtained also has a higher feeding value. 

The method is excellent for tn^ating oats, for there is a good 
<leal of green stuff on these when cut. For this reason, normally, 
if stacked too early, they tend to overheat. However, under the 
modern process, they get just the conditioning they require in the 
rick, wliich results in the production of an excellent looking oat. 

All farmers know^ the defects of heating grain croj)S in the 
rick. In fact, some are perturbed by the temperatures recom- 
mended for the artificial jirocess — or perhaj)s it might be better 
expressed as the controlled process. Now the temperatures are 
only those at given points and are not the true temperature of 
the whole rick. Ilencc the crops are not really overheated, 
in fact, this danger is entirely obviated. The author has treated 
ricks of corn as large as 200 tons by this method. 

The whole process is sometimes described by critics as a 
cold air one^ However, the foregoing description wdll have 
shown that this is not so. 

The Pulping of Green Crops. 

An entirely new process has been developed in Hungary, 
whereby green <5rops are chaffed and crushed to a fine pulp in 
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a mill. The object of this is to break down the walls of the 
cells of the plants and so permit the contents to be exposed to 
the digestive juices of the animal that consumes the product. 
It often occurs that much food value is lost because animals 
cannot break down the rfnajority of the cell structures. This 
prepared pulp can be fed direct to the animal, or dried off with 
wheat offals or anything similar and then stored indefinitely. 

Here again we see a new farm process which calls for the 
use of electric power and also improves the methods of agricul- 
ture, for crops can be cut continuously throughout the growing 
season, as fast as they get to the milk stage. It is, as yet, a new 
process and probably a great deal more exjKU'ience is required. 
The size of motor required for driving this pul])er is five horse- 
power. 

Electrical operation of harv&ting machinery. 

The usual jmneiple of operation of a binder for reaping 
grain crops, is by the traction drive' of a largo strakt'd wheel 
(known as the bull whe<‘]), which is the principal support of the 
machine. 

This is quite a satisfactory inethod for ordinary sj)eeds, 
under normal conditions, but the iruTcasod cost of labour and 
the greater value of time now-a-days call for faster cutting and 
also the possibility of cutting any kind of crop in any sort of 
condition by iito^chine. I^arge croj)s are sometimes knocked 
about by rain and storm, and have to be harvested by the old- 
fashioned hand sickle, as it is impossible to tackle it with the 
machine, in fact, even the hand scythe cannot he employed in 
many places. 

The use of an electric motor drive for the binder (as developed 
by the author) entirely overcomes the difficulties mentioned 
above, and tests oq binders show that the draft of the binder 
is lessened. As the drive is not obtained from the bull wheel, 
the machine can be used in certain sections of the field, where 
wet ground has hitherto made the operation of the binder very 
difficult. The use of the electric motor also permits of the 
cutting of heavy grain in a proper workmanlike way, when 
the binder has to be drawn at comparatively low speeds, e.g.. 
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turning comers and the like. This is accomplished, owing to 
the fact that the knives or sections run at a constant speed 
throughout. It is this fact, coupled with the possibility of the 
independent control of the speed of the knives, that makes it 
practicable to cut heavy tangled crops, that have been blown 
about by the winds. Careful tests made by the Ministry of 
Agriculture show that to obtain the best results in cutting, a 
certain speed of the cutters must be maintained. This is only 
possible with an electrically operated machine. In practice, 



Fig. 77. — Trac.tor and electrically operated harvofster. 
(Note controller near seat of driver.) 


it is found that the use of electrically operated binders, effects 
a considerable increase in the acres cut per day, which as a 
minimum may be anticipated to be at least eight more than 
the normal sixteen acres. With the electric' motor drive, crops 
can be cut at* a rate which is about one-third faster than the 
normal. It also cuts the straw closer to the ground, thereby 
giving the maximum benefit from the crop, which is an impor- 
tant consideration when the straw is short and is of any value. 
The electric power for the driving motor is obtained from a 
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dynamo mounted oii tlie tractor which is hauling the binderti 
(one to three binders arc‘ often towed by a single tractor). (Fig. 
77). The electric motor is of the variable speed type, with a 
controller litted in a convenient position adjacent to the seat 
of the driver and the binfler. Tlu' rc‘([iiirements of this si)cciai 
motor art‘, that it can be run at a pra(!tically constant speed, 
what(wer the speed of tlu‘ tractor. Similar beneficial results 
are to be obtained, when mowing machines are electrically 
equipped for cutting grass for hay. 

1ji Anuuica, combined harvesting and threshing machines 
are successfully einj^loyed in certain parts of the country. This 
saves considt'rabk' timi^ and is generally a great convenience. 
In addition the system circumvents bad weather conditions, 
which so often s])oil a crop after cutting. Jn Great Britain, 
this prac;tic(* cannot b<‘ followed at present, owing to the neces- 
sity for curing the grain, as it is not subjected to siudi ])owerful 
sunshine whilst growing, as in many other countric's. The 
author is however of th(‘ opinion that it can be accomplished jf 
})roper lieatiiig and drying arrangements are provided at the 
farm buildings for the grain, as soon as it is eartt^d from the field. 
He has, therefore, und(‘r considcTation smiie tests to this end. 

ObviouslA , a combiiuKl harvester and thresluu* is essentially 
a maohiiK', where electric driving would he jiaramount. 

Wh('re soiling ero})s are fed to (lattle in the byres, a harves^t- 
iiig macdiine, nuxTihed so as to handle grt'en grass, can he usefully 
employ(‘d. In addition there should be incorporated a loading 
elevator, so that the ero]) can he delivcTcd into an independent 
lorry rnnuing alongside. Mr. A. F, Mason employs such a 
machine, with the addition also of a choi)per, for gathering his 
green crops ready for artificial drying by aid of his plant. Such 
special harvesting maeliines can very advantageously he elec- 
trically driven# •• 

Where a farm is equipped with an electric jdoughing set, 
or can hire the same from a co-operative society or contractor,^ 
it is of considerable economy to utilise the same equipment for 
harvesting. In that ease the standard harvester will have to bo 
run idle one way. It should not, however, he a difficult matter to 
make these machines double acting, and thus savt^«much time, 
i 
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CHAPTER XL 


HANDLTNO ('HOPS. 

IVcimtil ('Ians. (531.5615 
Fodder is oflen very inueh dearer, when it aixives at the 
ieeding j>oint, than it might otherwi.se he, solely on account 
of the high cost of the labour in handling it. Only too 
frequently hay is carried on th(' shoulders of a man from 
the riek-yard to tlu^ byre. With a grain crop, for instance, 
there is the pitching of the sheaves on to the thresher and after- 
wards thf' hauling away and distiibution of the grain, straw 
and chaff res]j<“eti\ely. 'I’o a large measure all work of this 
jiature can be i)erformed (‘ffieiently and s}>e(‘dily by the aid of 
mechanical equijmient, preferably electrically o]»erated. 

In the field, the hay crop is oft(“Ji windrowed luid by means 
of a hay-loader (hauled after tlu' waggon) is eh-vated on to the 
\ehicle. The portable, folding hay elevator for stac'k building 
is well known. Only too often, however, it is woi ked by a horse, 
though the mechanical oil engine is gradually stepynng in to 
replace the annual. Where electricity is available, the oil 
■engine is being, in turn, put aside in favour of the electric motor. 

The employnumt of such (‘levators implies th(' slow forking 
of the loads by man power from the waggon. An improve- 
ment is to handle the crop by means of automatic grab-forks 
(Fig. 78), suspended from aji overhead run-way and operated 
by an electric winch. While these grab-forks are very us<‘fnl 
for dealing with jmrts of large stocks of fodder, each grab-fork 
load is still on the small side, compared with the.whoh* contents 
of the waggon. It is now Incoming customary to unload the 
■carts in one lift. Fig. 79 shows a widely adopted method for 
dealing with hay or straw crops. The waggon used for carry- 
ing the crop from the field has a special carrier placed on it, 
lor lifting off the whole load in one opration. In its simplest 
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form, this carrier consists of a long pole placed at the bottom 
of the waggon, with two pairs f>f ro])(‘s attaclied })y clips to it 
at about two or three feet from either end. When the vehicle 
is loaded the t^nds of th(‘ ropes are hooked on to another lighter 
pole which is thrust horizontally acAss the toj) of the load^ 
then the whole load thus roughly enc^ircled, can be hoisted 
in one lot from tlu' waggon, by means of an ov^erhcad run-way, 
OY>eratcd by an electric winch, straight into* a loft (Fig. 80). 
A three to five horse-power motor is larg(^ enough to drive the 
winch. The general arrangcunent of th(' ropc' work is similar to 
that of a Temperl(\y transporter. 

As an alternative to the pole and (^lip rope arrangement, 
rop(‘ mds are sometimes ])laced in tht* waggons before eommen- 
eing the loading. Another method is to ecpiip the waggons 



Fijjf. 78. C{j’Hi)-f(>rkH for crops. 

with removah](' wooflon skeleton ])latforms. *ln this ease the 
lioisting arrangement in the bani consists of a rex.tangular frame 
with ro})es at each corner to clij) on to the corners of the re- 
movable platform in the cart. 

When the load reaches tlu‘ required spot, the clips on the 
pole, underneath tlu* load or at one side of a net-, or at one side 
of a wooden platform, are tripped by means of a special tripping 
rope, thus allowing th(' load to fall at the req<uired ])laee. Given 
proper equipment, making the load drop in the right position 
is a matter of knaek ratlier than skill. 

Til Sweden, some five thousand of these plants are to be 
seen on the farms ; many thousands are also in use in Germany 
and other parts of Eu?*ope. Fahriken Odin, who manufacture 
many differefit types, have done a considerable amount of 
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work in educating farni(u*s concerning the advantages of the 
mechanical handling of crops. Fig. 70 shows a load of liay 
being raised from the waggon. Any redistri])iition of the ei*op is 
usually made by the aid of grab-forks, which f(‘ed chain conveyors, 
which deliver to the fimfl points of consumption. In the case 
of grain crops, fed to a threshing machine, an automatic (h'-vice 



KijL?. 7‘.). — (‘levator unloaduig Ijav (Mi-t in oik' lift. 

cuts the bands and*a special f(*eder spreads out (‘a(‘h sheaf after 
its band is cut and delivtTs it on to the threshii^ drum. Now- 
adays, it is ])(M*oming the ])racticc for tbc thr(‘sbing maclnnes 
to be })crmaiK‘nlly moutit(*d upon foundations at about four 
feet above the tlcx)!* level. As the straw l(‘av(‘s the machine it 
is eitlier ))alcd or ])asscs into a slK‘af binder, or is bl(Avn 1<; the 
straw-yard or barn through a tube, or vhv falls oft to an inclined 
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elevator. Except where the i)neuinatic tube method is employed,, 
the straw, whether baled, sheavtKl or loose, passes on to a hori- 
zontal conveyer. At convenient intervals, trap doors arc placed 
in the run-way of the conveyor, which permit of the delivery 
of the straw at the desired s])ots. j| recpiii'od this first con- 
veyer caji be arrang(‘d to deliver on to another conveyer, placed 



Fijf. 80 . — Fond of hoy passing; down tl)0 harn,. 

just underiieatt'i and at any angle thereto. In this way the 
straw can be conveyed say across a roadway into a barn at right 
angles to the first. The various grad(*s of grain are elevated 
by either Jacob's ladders (buckets moiuited on endless belts), 
or spiral conveyers, which deliver on to horizontal belt type 
conveyors direct into the granarw Alternatively the grain is 
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handled pneiimaticallv. The chaff is nearly always handled 
pneumatically, since the usual process of separation is by the 
aid of fans, so it is already floating in an air stream. 

Most of the conveyers described a!)ove are of extremely 
simjfle construction, gemSrally consisting of j)arts put together 
by the fanner with the aid of the local carj)enter. Bence the 
capital cost is not great. Tfce portable motors employed are 
usually only placbd in ])osition for the season — except, of course, 



Kiu:. SI. — Crop Conveyor. 

for conv(‘V()rs that are used for r(»-distribution for stock feeding. 
To gain the utmost advantage of sudi mechanical means of 
transport, it is ofk'ii advantageous to slightly re-arrange the 
barns and staehvards. 

Jn Fif(\shire, one of the first uses the farms coimectcd to^ 
the electric distribution liiu's have made of electricity, is in the 
handling of the output of their threshing machines. The objec* 
tion that it is not easy to erect elevators, etc., unless the build- 
ings are built for the purpose does not hold gowl here, for the 
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Scottish barns, etc., are nearly all low-roofed, and apparently 
quite unsuitable, yet by many an ingenious little contrivance, 
it has been possible to install elevators and conveyers. Of 
course, if it is possible to build with a view to sucih installation, 
undoubtedly the best jdan is to have d hay loft with an ek‘ctrio 
conveyer erected immediately over the stables and cow byres, as 
this affords additional facilities fon feeding the horses and cattle. 

There are a number of these elevators a\id conveyers to 
be found on the Continent to-day. Figs. SI and S2 show the 
sheaves passing along the cotiveyer on to the platform of the 
threshing machine. The conveyer can l)e raised or lowered in 
accordance with the Insight of the stack. Many of tliese con- 
veyers, which are driven by one horse ])ower portable motoTs, 



are so designed that they can be folded and (‘-arrit'd from jdaet* 
to place on a farm waggon. Tfie av(M’ag(* machiiK' deals with 
thirty sheaves per minute. With this ap])aratns, only one man 
and a boy are neeessary on tlu^ stack, and one man on the thresher 
to cut the binder string and fe(‘d the Tiiachine. A grab fork is 
sometimes used for jnoving the shea\'es to tiie t}in‘sher. (as 
shown in Fig. 83), 

The Icngth^of the piKMimatie delivi'ry tubes arc sometimes 
as much as two hundred yards. Five' Ijorsc' power motor driven 
fans will carry idther grain or straw a distauc(‘ of fifty yards, 
whereas an taght horse j)ower motor will doiibh* the distance 
and a ten horse power motor will carry two hundred yards. Even 
smaller motors^ain be cmiployed if fans of efficient design arc util- 
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ised aiuialso attention be paid to (he form of the ejecting device. 

With hay crops, Doctor A. Ekstrom, of Sweden, has esti- 
mated that in his own country a wagon load can be ]nit into a 
loft at a cost of one shilling by means of an electrically operated 
<^levator, whereas without it the cost works out at just> under 
1/4(1. per load. 

Cart Loaders. 

Endless belts of about twelve inches or so in width, mounted 
on a suitable frame and electrically drivtui, are V(*rv useful 



Imjj:. S:}. - a ( U-ab-i'ork used Tor caiTvin^ gram lo thi* iccHlmg bouid 
of tlio Ihrcslu'i*. 

for loading vaggons uith roots, stones and otluT inatcnials. 
The I raining carrying <lu‘- Ixdting is usually ijiclined at such an 
angle that grips o3*4)uck<‘ts are not needed on tlu^ surface of th(‘ 
belt. The whole arrangement is generally moivit(*d on v labels 
of large diameter to fac-ilitatt* moving it. afiout. 

Overhead Runways for cattle feed and manure earri(‘rs are 
oft(?n (unployecl in cov\'-hvn*s. Howcvct, the loads are light 
and the capital cost of a motor drive is too high to })e worth 
while equipping these dovie(\s electrically. ♦ 
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Thi*eshiug is oiio of the im]iortai]t agricultural operations 
which can host bo ])orf()rmo(l by electricity. The stea<ly speed 
at which tlu' oloctric motor rims, makes it possible to obtain 
a very uniform sample of corn ; further, loss grain is broken, 
so that the cmtjiut of the electric threshei* is live per cent, more- 
than that of an ordinary thresher.* Tins may not seem much, 
but as corn is a valuable article, it is well worth taking advantage 
of this extra gain. The ek^ctric. motor with its smaller weight, 
its j)ortat)ility and the absenc(‘ of any attendance during the 
work and its readiness to work at all times, is far more satis- 
factory than any other form of power. 

Threshing (‘quipment can be obtained with either motoiB 
fixed on to th(' inachine (Fig. 84), or caj)al)le of ])eing driven by 
j)ortal)l(‘ motors. The former is the more satisfactory method, 
though a consid(Table number of the lattei’ are to be s(‘en on the 
ContiiK'nt. llieir popularity is no doubt due to the fact that, 
as the electric motor only consumes the amount of ])ower re- 
quired to do‘tlu» ])artieular work, it can ))e used for many other' 
different kinds of agri(*ultural work, such as for driving other 
barn machinery, circular sa^\s and stone crushers, when the 
threshing machine is not required. The larger of the portable 
motors emplo\ed are usually mounted on four-wheel trucks, 
thus enabling them to be easily transferred fiK)m place to place. 
These motors. ijre totally enclosed, so tliere is no danger when 
operating them in the barn, amidst tb(‘ intlammalile dust caused 
by threshing. 

The threshing macdiincs or mills may be of the portable 
or permanently fixed type. Fig. 8o shows a permanently fixed 
tyjHi of threslAT. The latter are to be preferrtid as then it ia 
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easier to* arrange for the installation of elevators, mechanical 
or pneumatic conveyers, etc., to handle th(^ various sorts of 
grains, chaff, straw, etc. Such fixed machiiu^s when ])roperly 
installed, only roqiiin' one hand to feed, oiuj machine tender, 
and one man to control the sujjplies of sheaves to the feeder. 
This comi)ares favourably with th(^ dozen nuMi rcnpiired for 
threshing in the tinu* honoiired^fashion. 

The large ty])es of portabh' threshing ma(*hin(‘s are only 
suitable for contractors. (»r xvry large farms, but the smaller 
inachiiu‘S are a gr<‘at boon on tlu' average' siz'^l farm, as they 



Ki^. S4. '^riircsli iiig <lri\'<'n l>\' oltM-tric uioloi' fixrd t)M to 

t hr iiuirhiiu'. 

enable tin* farmer to thresh wheiH'ver it suits him, instead of 
liaving to await the eonvenienee of a contraetor. Some' of these 
smaller machiires are Ix'ing imwle with a single ek'aner and ^\ith a 
barley and oat awner, as they are ])rimarily int('n^l(‘d for the use 
of small farmers who use their f)wn eorn iu preference to sellhig. 

Jn order to reduce the maximum power ix'quired and also 
the number of hands employed, it is sometimes found advan- 
tageous to carry out the work in tw'o stages. In the first machine 
the corn is threshed and cleaned sufficiently fo^’ the farmer’s 
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own nee^ls. Jn the second stage, only that ])ortion of the corn 
(trom the thresher) that is intended for market is dn^sscnl, cleaned 
and graded. Either of these machines can he driv(‘n by a 
o horse i)Ower eleetrici jnotor. Naturally, the v\hole process is- 
sprc^ad over more days, Ifut this is usiialU' an advantage*, as it 
obviates the ji(*cessity of em])loying te)n])orary labour or neglect- 
ing other work. Further, it *is often found convenient to dev 



Ki^. 87.— Ekn-t ncally opfratod thr<*8her at (h*(‘at(T Felcourt. 

the thre'shing in the late ^^inte‘r afternoons or 4*arlv mornings, 
when it is too dark feu- the men to do other work. Fig. Sfi shows 
a threshing ma(;hiiie operating at night. Electric lighting (tf 
course makes this feasible. 

Qji his own farm the author has a six-foot drum ball-b(*aring 
threshing machine, which is ojH'rated by a fi\^" horse power 
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4 iiotor. (Fig. H7). It will thrc^ali, clean and grade forty-five 
l>ushels of oatH per hour and also drive', a st^a^^' trusser. This 
particular machine, ho\ve\er, does not work so well with crops 
that contain a lot c»f weetis. For convenience, this thresher 
is mounted on a petrol -electric loi w chassis. When w’ithiu 
reach of electric power mains, the motor is operated by them. 
When away from such a source ^of supply, current is obtained 
from the petrol electric; generator, that protides the, current 
to drive the lorry wlu'ii in transit. The* cl(H!lric motor is direct 
•connected to the thn'shing drum through a flexible coupling, 
the leather driving straj) of which is dcsigiu'd to break if any 
foreign body should get caught in the threshing drum. 

In the following table' |)aTticulars are given of several ti'sts 
carried out on Dutch farms with threshing machinery. 

Tvble xVll. 


C3()ST OF COWER FOR ELEOTHK’ TFiRESHINO. 

(COMMKKC IAIj tests W ITH ELECTRIC ALLY EC^l IIU'EI) MAC’HJNERV). 


Croj) 

Bushels 

'I'lnu* 

Minutes 

1 h 1 1 ( H 

<'on- 

sUIIH'<l 


.“>0 

(iO 

5.98 

Oats 

50 

00 

5.24 

Rye 

52 

150 

12.3 

Wheat 

98 

140 

11.0 

Stacking 

straw' 

lbs. 

1,100 

; 113 

i 

0.72 


C’OHt of 

HcMnarks 

Hi 4(1. 
p«‘r unit 

S. <1. 

2 0 l^hriwihc'r cc( nipped 

with treble* clc'aniiig 
apparatus. 

I \) 

4 I t),:i0() lbs. of straw\ 

3 8 

3 The straw' was un- 

• • • 

loadc'd from cart and 
blown on to top of 
stack, 33 ft. high. 


-fn this rase tho power eoiisumpt ion was cheeketl by the Friesland 
Froviiu'ial Kh-etrii'ity Supply To., and the grain weights by the local 
Agricultural Board, who fortitiecl the grain os “ excellently market 
cleaned.” • 





ELECTRO-FARMING 2^ 

The daily \n inter load in the small })r()vince of Friesland, 
•due to tlireshiug, is 500 kW — which is well worth having. 

When a trnsser is used for baling the straw, the ])ower 
consumption is increased by l.S units per hour, but three or 
four workers can be disjihnsed with. The cost of running the 
tnisser is only 7d. })er hour with current at 4d. ])er unit (kWh). 
Jn contrast with the above ^)o\ver cost of less than 4d. per 
■quarter, a ])rolonged test on an oil tractor-<lriven thri'sher at 
a farm in Kent recently gave a power cost (inclusi\'e of interest 
and depreciation, but not including tractor driver's wages or 
management expcMiscs) of 2s. 4d. })er quart ei* on S50 ([uarters 
^as audited by an expert accountant). 

Interesting tests were conducted at Bloomington, Illinois, 
to determine wiudher electricity was the ehea[>est forni of powcT 
ior threshing grain. Tin* cemt of the steam threshing nei was 
£954 and the op(‘rating costs were l!315. One (iectric motor 
<lriven threshing set capable of ])erfornung the sanu^ amount 
of work cost £452 and the operating costs were only £133. 

Particulars cjoncerning elevators, conveyers, etc., for deal- 
ing mechanically with the products of th(‘ threshing machine 
will be found un(h‘r the heading ‘Handling (.Vo})s*’ (p. 209). 
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Silage? is a lieavy, damp, dark, strong sin(*lling mixture, 
which can be; obtained from grass which is usually turned into 
hay, thougti it is preferable to employ richer and more succulent 
substances, sneli as tares or other leguminous [dants, as they 
can 1)0 most advantagc'ously conserved for winter use in this 
way and the farmer is [irovidedg with a more nutritive food 
than hay, and one which can, to a large extent, serve as a sul)- 
stitute for roots. By the employment of silage, the acreage 
required per lu^ad of cattle can be considerably reduced, in fact, 
on some Continental farms it is as low as three-^cpiarters of an 
acr(‘ [)er cow. 

''Phis method of conserving green fodder for the winter, 
has lately come intf» extended us(‘. In America, the silo is 
])art and j)arcel of every dairy farm. Jn East Anglia, there 
are now over four hundred of the modern type of vertical 
silos. Tliis is largely owing to the adoption (S’ vertical towers 
as silos, for when ])reviously in vogue in England, some forty 
years ago, ])its were utilised, which only too often produ(*.ed 
sour silagcN resulting in the abandonment of the practice for 
a time. Ev(»n with the tower silo, all is not satisfactory, for 
owing to the presence of certain bacteria, e.g., butyric acid, 
the milk from cows fed on it, cannot be successfully iLsed for tlu^ 
making of luitter or cheese. To overcome this and at the same 
tiiiK* obtain a greener and more nutritious silage, the electric silo 
has been developed. While the only electrical nudhod of making 
silage in this country exists on the farm of the author, the pro- 
cess lias made great strides on the Continent, where many hun- 
dreds of such silos are in existence. It is known that the vege- 
table cell of plants is destroyed Avheii heated uj) to 120 deg. 
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Fahr. (50 deg. Cent.) and at this temperature the growth of tiie 
various Ifends of bacteria essential for good preservation is in- 
creased. This rise in temperature in the electric silo is produced 
by passing an electric current through the fodder which latter 
acts as a resistance. As it is a heating process, both alternating 
and direct current can be used. Where three-phase current is 
available, it is customary to construct three silos side by side 
and then the phases are approximately balanced. About six feet 
of fresh material, chopped small to exclude air pockets, is 
treated at a time. The current starts at half an ampere and 
at the end of twenty-four hours has increased to thirty amperes, 
when the |)rocess is complete. 



Fig, 88. — Electrical preparation of silage. 


The accompanying diagram (Fig. 88) illustrates the general 
arrangement. Each silo has an earthed electrode fixed at the 
bottom, and a live electrode is placed on top of the freshly-cut 
chopped green-stuff. Up to 10 kVA is required for a silo of 
about 20 ft, (6 m.) in height and 14 ft. (4.25 m.) in diameter, 
and the time required is twenty-four to forty-eight hours. 

Good preservation depends upon a rapid development of 
the lactic acid bacteria, which is produced by a quick and even 
temperature rise. When these bacteria multiply^ rapidly, they 
tend to stop the growth of the butyric and acetic acid bacteria 
which impede the process of preservation. In this way, the 
electric current by evenly and quickly increasing the temperflture 
of the fodder to about 120 deg. Fahr. (50 deg. Cent.), brings 
about the desired result. After the heating process has been 
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carried out, the temperature of the fodder is allowed to fall 
to that of the surrounding air, and the detrimental aft jr-fermen- 
tation is avoided. The latest development in electric silos is 
a modified and modernised pit. With this method, the fodder 
is placed in position, in sections, being, held in place by removable 
barriers. Electric tubular heaters are plunged into the material 
through apertures in the barriers. This process takes a com- 
paratively short time and the load is kept constant, during the 
whole time that the silage is under treatment. The pits are 
brick or concrete lined and measure about 6 ft. (2 m.) high by 



( Ek'emng Load Only ) 

Fig. 89 . — Load factor and maximum demand of an electric silo dealing 
with KM) tons of silage. 

() ft, (2 m.) wide and about 40 ft. (13 m.) long and are arranged 
for the reception of temporary barriers every 6 ft. (2 m.). 

A cow consumes from 20 to 30 lbs. (10-15 kg.) of silage 
per day. This means a consumption of about two tons per 
head for the winter months. Normally 100 tons of silage is 
provided for fifty head of cattle. I'he current consumption for 
preparing one cwt. (65 kg.) of green stuff is one to one and a 
half units (kWli), say, 1.25 units (kWh) or 25 units (kWh) per ton. 
Taking 30 units (kWh) per ton of cured silage this means about 
i60 units (kWh) per cow per annum. The accompanying diagram 
^Fig. 89) shows how the maximum demand and the load factors 
work out, on, an electric silo dealing with 100 tons of silage. 
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Incidentally, crops can be gathered and ensiled over a longer 
portion the season, if the variety of seed and time of sowing 
are properly arranged. Thus the work can be more evenly 
distributed over the season than is the case with hay. 
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Table XVIII. 

USES OF ELECTRICITY IN ELECTRO-CULTURE AND LIGHT 
TREATOBNT. 

Discharge over crops through earth currents. 

Treatment of Seeds. 

Treatment of Plants by intensive illumination. 

Pollination. 

Heating of Greenhouses. 

Destruction of Pests. 

History of Electro-Culture. 

Experiments for the electrical stimulation of plant growth 
have been carried on for about one hundred and fifty years. 
At first, atmospheric electricity was used, and one of the first 
experimenters to announce the success of his methods was 
Abbe Bertholou in Franco. He found that by conveying atmos- 
pheric electricity to growing plants their fertility was increased 
and their appearance improved. ]\Iany other similar experiments 
were carried on at this time and the general result showed that the 
possibilities from this source were very promising. Work on these 
lines is still being carried on by a number of experimenters. 

As far back as 1746 an account lyas published of an Edin- 
burgh physiciapo who electrified two myrtle trees and surprised 
his neighbours by making them shoot their brancljes and blossom 
earlier than any in the neighbourhood. Similar experiments 
were carried on for a number of years, but it was not until about 
40 years ago that it was actually proved beyond doubt* that 
the growth of plants was actually stimulated by electricity. 
This was due to Professor Lemstroem, of Helsingfors University, 
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who, while visiting Polar regions, was struck by the^ rapidity 
with which plants grew in the short Arctic summer, where both 
the heating and illumination effect of the sun were very low. 

Professor Lemstroem realised that it was necessary to look 
for some unrecognised cause for the* remarkable development 
in the vegetation of these regions. He eventually discovered 
that this was caused by electrical currents which occur in the 
Polar light and which travel from the atmosphere to the earth 
and vice versa. In his book dealing with this subject he says : 
‘ ‘ An electrical current is going on through the needle formed leaves 
of the pine and the beard on the ears of the cereals, not to particu- 
larise on other plants . ” To prove this he arranged fine metal points 
around the plants and succeeded in registering the current flowing. 

Immediately on his return to Finland he set on foot experi- 
ments which proved that an electrified crop would produce a 
far larger yield than an untreated one. He subsequently con- 
tinued his work in England. 

In this country, Sir Oliver Lodge and other experimenters 
conducted electro-culture experiments by means of a high ten- 
sion electrical charge on an overhead network. (Fig. 90). In 
1904 experiments were conducted by IVIr. J. E. Newman on the 
farm of Salford Priors, near Evesham (Figs. 91 and 92), with 
apparatus designed by Sir Oliver Lodge. 

The history of electro-culture is crowded^ with the names 
of illustrious students. Gardini (Turin), Ingenhousz (Vienna), 
Landriani (Madrid), Carmoy, Rouland, de Rozieres, NoUet, 
Jallabert, Du Petit Thourars, Gasc Becquerel, in America, 
Pine, Weekes, Foster, Ross, and in Great Britain, Lemstroem, 
Blackman and Miss Dudgeon have all added their quota to 
knowledge of this subject. In our own country the Electro- 
Culture Committee appointed in 1918 by the Ministry of Agri- 
culture and Fisheries has covered a wide Add of research, and 
in America a eomewhat similar Committee has been at work. 

Electrical Treatment of Crops. 

Among the very great difficulties associated with the treat- 
ment of crops electrically (otherwise than by electro-mechanical 
processes) is the lack of definite information concerning soils, 
coupled with an absence of exact knowledge of the actual effects 
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to be obtained from electrical treatment, and the form of current 
that is most suitable. Farming is a commercial proposition 
and hence it is impracticable to modify the fields so that they 
may become perfect bacteriological and chemical beds for the 
proposed crops, even if it* were known how to attain this end. 
As things are at present, every field, and further, every part 
of that field, has its own peculiar characteristics. At present 



Fig. 90. — An Electro-Culture High Tension Discharge Apparatus installed 
at Greater Felcourt, East Grinstead. 

there are no practical means of discovering these characteristics 
in advance, so altogether it is very difficult to ascertain what results 
are obtainable, that can be directly ascribed either to electrical 
treatment, the properties of the ground, or the effects of weather. 
On the whole, a careful comparison of a great many experiments 
on large scale conditions show that there is undoubtedly a con- 
siderable improvement in those crops which are electf ically treated . 





P^ig. 91. UrH'lo<‘trifi(ul wheat at P^vesliam. 



* Fig. 02. — P^loctrifiod wheat at Evoaljam. 
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The^ost for current is negligible — in fact, so much so that 
the problem has little interest .for the electricity supply under- 
taking, which only desires to increase its immediate sales of 
cuiTent. The chief question, therefore, that really has to bo 
considered is the commercial one as to what amount of capital 
is necessary to attain this increase in the crops. The cost of 
stringing the wires is not at all an important matter, for 4 or 
5 lbs. of fine wire (29 gauge) is all that is required per acre, plus 
the heavier insulator borne cable supports around the field. 

The Lodge apparatus, by means of which the 1904 experi- 
ments conducted by Mr. J. E. Newman were made, consists of 
a large induction coil with spark gaps and motor driven con- 
tact breaker in conjunction with two-plate Lodge valves through 
which only positive current can pass, as uni-directional current 
is required, the charge on thef wires being ])Ositivc. The current 
was transmitted by over-head wires to the fields, and con- 
ducted around tlie field by means of a substantial wire, 
which was attached to large insulators mounted on poles. From 
this wire, very fine wires, spaced from 10 to 30 feet 
apart, were run across the field. The wires were placed from 
12 to 15 feet from the ground, so as to allow carting and other 
farm operations to be carried on without interference. 

The serious factor is the cost of the transforming and rectify- 
ing apparatus . ^t T1 arper- Adams’ ( College , for instance , th(^. cost of 
the equipment for an area of just over 2 acres, was as follows : — 


Aerials 
Insulators 
Motor Generator 
Transformer 

Instruments 

• • • 

Erection, carriage, etc. 


£ s. d. 
5 0 0 
11 15 0 
125 0 0 
200 0 0 
25 0 0 
33 5 0 


Total . . £400 0 0 

The plant was considerably underloaded and so could have 
dealt with a much larger area, with a small additional cost for 
aerials, insulators and their erection. The constfmption w^as at 
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about the rate of 1^ units per acre, and electrification carried 
out for 8 hours daily (7 — 11 a.m. and 3 — 7 p.m.) weather con- 
ditions permitting. The average height of the wires above the 
ground was 6 ft. 0 in. and they were placed about 5 ft. 6 ins. 
apart. Approximately 4 lbs. of wire was required per acre. 
A 1 kVA oil-cooled, 25 cycle, single-phase Ferranti transformer 
was in use, as at Rothamsted. It was provided with tappings 
for 15,000, 30,000, 45,000 and 60,000 volts. The secondary current 
was from 0.066 to 0.01 666 amperes. The normal voltage employed 
wets 45,000 volts and the current supplied to acres was approxi- 
mately 1.7 milliaraperes. The high tension current is made uni- 
directional by means of a rotating Newton and Wright disc rectifier 
mounted on the motor generator shaft. It is estimated that the 
capital cost of a hundred acreequipment would be about £4 per acre. 

By deduction from the experiments which have so far 
been carried out, the most suitable arrangement for a commercial 
farm is to provide an alternating-current supply ; a 100, 000- volt 
high-tension, oil-cooled transformer ; and a mechanical rectifier 
driven by a small synchronous motor. The overhead network 
should be placed 15 ft. above the ground. It would probably 
be necessary to operate such a plant only for about an hour 
in the morning and again in the evening, during the spring and 
early summer months. The transformer would be preferably 
switched on and off by a time-switch. A Lodge or similar 
valve would probably give a more efficient discharge than a 
mechanical rectifier, but on large-scale work these valves do 
not appear to be so practicable. In the course of time it seems 
quite likely that the transformer may be superseded by a motor- 
driven influence machine. Owing to the low power factor of 
these installations it is necessary before accepting the readings 
of any instruments, to see that due coiTections have been made. 

The Tesla transformer (employed at Lucerne) on small 
scale, but successful experiments, was very attractive from the 
point of view of absence of danger of accidental shock to farm 
labourers or animals. However, the principle involved of the 
utilisation of very high frequency currents is opposed to British 
practice of low' frequency, uni-directional currents, and there- 
fore would sefim to require further investigation, as so much 
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more woT*k has been done along these lines in Great Britain. 
Alternati^ methods of producing a high tension current for 
electro-culture purposes are by means of a large number of 
dry cells in series (a very simple method), also by means of an 
apparatus similar in desigd to the Ballon cable testing machine. 
(This device can be constructed for about fifteen pounds). 

Various theories have been put forward as to the reason 
for the effects produced, e.g., that the discharge forms nitrogen 
compounds, ozone, etc., producing manurial or plant-feeding 
effects. However, the quantity of electricity used is so small 
that only an infinitesimal amount of manure or its equivalent 
could possibly be produced, even under the most favourable 
conditions. Hence, the author’s deduction is that it is entirely 
a physical, stimulative effect, which is practically the opinion 
of Professor V. H. Blackman,* who has carried out a great deal 
of experimental work on this subject, both in the laboratory 
and on the field, on behalf of the Electro-culture Committee 
of the Ministry of Agriculture. While it would be very intercisting 
to arrive at a definite conclusion as to the theoretical basis for the 


improvement attained in the growing of crops that are electrical!}' 
treated, the fact remains, that better results are obtained, and also 
the cost of carrying out the electrical treatment (apart from con- 
siderations of the capital required for the installation) is nominal. 

The employment of short heat waves, from luminous electric 
heater lamps, has been suggested and experimented upon. How- 
ever, the experimental scale has been a small one, and it would seem 
that the power consumption necessary is likelyto be very great. 


United States Experiments. 

In the United States experimental work on electro-culture 
has been carried out for over 70 years, and whilst indications 
of increase in crop yield have been observed, this has not been 
the universal result. In fact, in the case of the experiments 
conducted under the Office of Biophysical Investigations of the 
Bureau of Plant Industry it is stated that no marked response 
to the treatment was shown. Nevertheless, the work done qja the 
Arlington Experimental Farm is an interesting record of pains- 
taking observation. During the period of 1912 to 1915 the 
Lodge apparatus was used. This consists of 110 volt induction 



ELECTRO-FARIVIING 


234 

coil, with a motor driven mercury interrupter. Five Lodge 
valves designed to rectify the high-tension alternatii^ current 
were placed in series with the network, thus allowing only the 

Table XIX 

SUMMAKY OF THE RESULTS OF THE ELECTROCULTURAL EXPERI- 
MENTS IN SECTIONS A, B, AND B, ARLINGTON EXPERIMENT FARM, 
IN STATED YEARS. 

(The treated and eontrol plots in sections A and B were each three- 
fourths of an acre in area ; those in section E lialf an acre each, separated 
by an interval of .‘150 foot. Abbreviations and symbols. — Column 2 r 
C ™ Cow-poas ((;rop cut for hay) ; R = Winter rye ; S — Soyabeans ; 
W — Winter wheat. Column 3 : A ==- 25-cyclo alternating current ; 
N — - No troatnitjnt ; — - Negative direct cnirront ; Positive direct 

current. Column 11: * = Yield of plots treated in previous years). 














Ratio of 




Network treatm^^nt 



Yield (pounds) 


treated to 




* 




«. 





control 



Character 

Dcstrip- 

Time of 










of 

tion of 

treatm’nt 

straw 

Grain 





current 

Network 

(hours) 





















ai]d 

Crop 




br 


rt rt 
,o 3 

XJ 






date 

1 

s 

[3 

Jb ir 

s'! 

c 

0.1 

Mg 

0 

1 

2 

1 

-M 

ffl 

2 

1 

> 

5 

.S 

12 



u 





HxJ 

H 


H 

O 

to 

o 

1 

2 

3 

4 

5 

6 

7 

« 

9 

K) 

11 

12 

13 

14 

Section A 














1914 

S 

A 

6,600 

16 

5 

- 

— 

2,776 

2,446 

811 3 

7H2.S 

1.13 

1.04 

1915 

K 

A 

6,600 

16 

5 

— . 


2,662 

1,758 

981 

700 

1.51 

1.40 

1916 

K 

N 

— 

16 

5 

« . 


2,700 

2,558 

•1,147.5 

803 

1.44 

1.43 

Section B : 












1912 .. 

W 

4 

45,000 

7 

1 

al6 

— 

3,465 

3,300 

1,154 

1,114 

1.05 

1.04 




40,000 

\l6 




« 



1913 

W 

to 

50,000 

10 

616 


3,254 

3,139 

808 

782 

1.04 

1.03 

J 

1913 i 

C 

+ 

45,000 

16 

10 

61 

128 

1,807 

1,847 

— 

— 

.98 

— 

1914 

Corn 

A 

— 

16 

10 



6,952 

6,212 

2,892 

2,260 

1.12 

1.28 

1915 

K 

A 

— 

16 

10 

— 


2,836 

2,758 

1,046 

1,040 

1.03 

1.01 

1916 1 

W 

N 

— 

•• 


— 

— 

3,016 

3,412 

•861 

1,009 

.88 

.85 

Section E 1 











1913 

R 

N 


— 



— 

2,438 

2,499 

— 

— 

.98 

— 




30,000 

) 









1914 

W 

H- \ 

to 

' 16 

5 

64 

336 

2,332 

2,281 

644.8 

656.5 

1.02 

.97 




60,000 
30,000 i 

i 


1 



1 





1915 . . 

w 


to 

■ 16 

2 

cei 345 

1,548 

1,362 

624.5 

604.5 

1.14 

1.03 



1 

60,000 ■ 

i 1 









1916 . 

w 


45,000 

16 1 

2 : 

al6 

800 

2,528 


&72 

754 

1.03 

.89 

1917 . 

w 

N 

— 1 

i 

— ! 

— 

— 

3,190.5 

3,064.5 

1,137.5 

1,198.5] 

1.04 

.95 

191S .. 

Wi 

4- ft 

30,000 ' 

16 ' 

1 

rt16 

736 

2.K'>0 

2.639 

•1.050 

1.025 ’ 

1.07 

1.02 

a From 4 

p.m 

. to 8 

a.m. 



c 1‘iom 4 

to 7 a. 

m. and 

from 5 

to 8.30 

p.m. 


b Frora 3 to 7 

p.m. 




i Plots sep.iratccl by grounded wir 

e screen. 


positive 

im 

Dulses from the secondary of the coil to reaqh the 

network. 

The 

negative 

pole 

was grounded. Two balls 

25 

millimeters imdiameter, one of which was grounded and the other 




ELEOTRO-FARMING 


235 

• 

connected to the network, were used to determine the potential, 
assumingVt breakdown gradient of 3,000 volts per millimeter. 

The treatment was usually given during the early morning 
and late afternoon, and although there was a slight increase in 
the yield of wheat, the ofScial report points out that this might 
well be within the experimental error of field trials. Table XIX. 
is taken from the above-mentiojied official report, as it sTimmarises 
investigations ovSr a period of five years. 

In this country electro-culture experiments have been 
carried on at Rotharasted, Durham College, at Lincluden (Miss 
E. C. Dudgeon) Gerrard’s Cross, the Royal Horticultural Society 
Experimental Garden at Wisley, at Evesham and at East Grin- 
stead. The table herewith summarises the results of the experi- 
mental work above mentioned. 

Table XX. 

TABLE OF EEPRESENTATIVE RESULTS OBTAINED WITH ELECTRO- 
CULTURE IN THIS COUNTRY. 


Crop. 

Normal, iin- 
olectrified crop 
per acre. 

• 

Increased crop 
per aero when 
electrified. 

Authority. 

Increased 
value of 
oloctrifiod 
crop per acre 
(on pre-war 
average 
prices). 



Per cent. 


£ s. d. 

Wheat 

35 bushels 

39 

Newman 

3 0 0 



29 

Newman 

2 4 0 



38 (straw 41) 

Rothamsted 

2 18 0 



49 (straw 88) 

Blackham 

3 15 0 

Oats 

40 bushels 

30 

Dudgeon 

2 2 0 

1 


49 

! Dudgeon 

3 9 0 



50 

Dudgeon 

3 10 0 



67 

Dudgeon 

4 0 0 

Barley 

40 bushels 

35 

Rothamsted 

1 15 0 


• 

19 

Rothamsted 

0 19 0 

Peas 

27 bushels i 

20 

Lernstre^n 

2 16 0 



28 

Lem Strom 

3 18 0 

Potatoes . . 1 

6 tons 

37 

Dudgeon 

110 0 

1 


15 

Dudgeon 

4 10 0 



60 

Newman 

15 0* 0 

Carrots . . j 

10 tons 

50 

Newman 

15 0 0 

Mangolds . . j 

20 tons 

25 

Newman 

4 0 0 
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Ministry of Agriculture Investigations. 

In 1918 the Ministry of Agriculture and Fisher/^ss set up 
an Electro-culture Sub-committee and between then and 1925, 
this Committee has investigated and experimented with crop 
treatment. During the first four years the work done was 
chiefly directed towards ascertaining the type of electrical 
apparatus most suitable for the production of high tension 
discharge, the current which should be used 'and the effect of 
the same upon spring cereals. It was found that if the distance 
apart of the overhead wires was not greater than their 
height from the ground, then half the current supplied to the 
wires may be expected to reach the crop and also the electrical 
influence of the apparatus would be felt in a greater or lesser 
degree well beyond the wires. As far as spring-sown cereals are 
concerned, an average increase of ^0 per cent, was experienced. 
From 1922 onwards, pot and field experiments were extensively 
carried on, in fact, in view of the striking results obtained in 
1922 from pot culture experiments, field work was temporarily 
discontinued and all energies were concentrated upon pot cul- 
ture and laboratory work. The result of this was, that by 
the end of 1923 it had been established that one month’s 
electrification in the case of spring-sown cereals was more 
effective than electrification for the full three months. 
General experience inclines the author to imagine that the 
first month is always the most important and therefore the 
one during which treatment is most beneficial. Results of 
experiments of this nature must be looked into carefully before 
their full meaning becomes apparent, for instance, tliat a relative 
decrease in the total yield of a crop may still mean an increase 
in grain yield has been found to be the case at Lincluden, where 
the total decrease in yield was 7.2 per cent., but where at the 
same time the increase in grain yield ovej: the, corresponding 
control plants was 33.2 per cent. 

Experiments were conducted at Rothamsted Experimental 
Station, Harpenden, Hertfordshire, while small plot experi- 
ments with oats were likewise conducted at Lincluden, Dumfries. 
The laboratory work was carried out at the Imperial College 
of Science an|i Technology, South Kensington. 
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Earth Currents. 

More^than one hundred and fifty years ago, experiments 
were being carried on in the utilisation of earth currents, and 
now the accumulated experience of this experimental work has 
been taken advantage of,^ore particularly in France, Switzer- 
land, and Germany. In Basty’s method, lightning conductors 



Fig. 93. — A Christofleau apparatus installed lioar a row of kitlney boans. 

• • • 

are erected in the middle of the growing crops, the earth ends 
of which are buried in the ground, and carried under the roots 
of the plants to be treated. 

In the Journals, ‘‘Science et Commerce Industrie Mutu- 
alite ” and “ Le Progres Agricole,” Basty, describing the results 
of some of his recent experiments, states that pytatocs grown 
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on an experimental plot were ready for lifting a .week earlier 
than those on the control, plot and there was an incr^se in the 
yield of 68 per cent., while an experimental plot of hemp showed 
an increase of 252 per cent, on the control plot. There were 
other methods for stimulating the growth of plants in days 
gone by, Christofleau has recently put upon the market a 
piece of apparatus, similar in principle, but also incorporating 
a thermopile and a voltaic pile. The device consists of a number 
of points mounted in a casting and fixed at the top of a pole. 



Fig. 04. — Interior of the? high tension house showing the installation used 
in experimental work in Holland (Haarl<»rninerrneer). 


This fixture is connected to the ground by galvanised wire, 
which latter is run in a. north ward direction for some distance, 
just below the usual digging depth in the earth. (Fig. 93). 

The posts upon which this piece of apj)aratus is placed 
must be at least 20 feet above the ground and should be buried 
at least 2 feet below the ground. The posts should be placed 
over^’ 10 feet if it is desired to extend the sphere of the current 
for a complete field. A modern improvement is the addition 
to the apparatus of a thermopile, which is a tube of two different 
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metals, by means of which is set up a small electric current, 
due to th% exposure of one joint to the heat of the sun. The 
treatment should be continued each year for six years and at 
the end of this time the maximum capacity of reproduction is 
reached and the crops from this land will thus remain at their 
highest stage of productivity. Further, it is claimed that there 
is no need to add fertilizers the soil. 

Earth current experiments are being successfully carried 
out by others in France, Switzerland, Germany (Klein-Glienicke), 



Fig. 95. — Aerial installation for olootro-eul ture work 
at Jrlaarlernrnermeer. 


Morocco, India, and the Argentine, in which latter place it is 
stated that a remarkable difference can be observed in the oats, 
rye, barley, wheat,* -corn, sugar beet, potatoes, cabbages and 
flax grown under the influence of this apparatus ^and the crops 
not touched by this influence. There is a Christofleau installa- 
tion in the garden of the author, but it has not been installed 
for a sufficient length of time to justify conclusions. Still, 
plants within the sphere of its influence have been, this year, 
noticeably superior to non-treated plants on adjoining plots. 



no 
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The illustration given in Fig. 94 shows the interior 6f a high 
tension house, used for experimental work on electro-culture 
in Holland (Haarlemmermeer). On the right can bo seen the 
100,000 volt transformer. On the lower left hand side, another 
transformer will be found for heating t^he filaments of the rectify- 
ing valves with spherical bulbs which can be observed on the 
table. The operation of the installation is controlled by auto- 
matic electric time switches mounted on the wall in tlie centre 
of the picture, above tiie meters. Fig. 95 show^s an aerial instal- 
lation for electro-culture work at the same place. As will be 
observed, the i)lacing of the poles and the height of the wires 
arc such that they do not interfere with field operations. 

Electricity for Potatoes. 

During 19j2.5, the claim of Mrt R. A. Rushforth to increase 
tlie yield of his potato plants in w^eight by 51 por cent, by elec- 
trical treatment, aroused a good deal of attention. Besides the 
increase in weight, it is claimed that potatoes j)roduced arc 
free from attack by pests or blight and that the plants are heal- 
thier and stronger and have thk^kcr stems than those which 
had not been subjected to the treatment. Tt is noteworthy 
that it is not claimed that the process of maturity was hastened 
by the treatment. 

The illustration (Fig. 96) given herewith jhow^s Mr. Riish- 
forth’s ingenious make and break a])paratus. This consists of 
a small wooden balance about 6 in. or 7 in. long pivoted in the 
centre. On one end is fixed a small lead weight, wdiich causes 
the balance to rest in a horizontal position on a supporting peg 
below . On the other end of the balance is fixed a tin lid, into 
which w^ater drips from a i)ail above. The accumulated water 
is sufficient to overbalance the lead weight, and this, at its 
highest position, hits against a spring, flu^reby closing two 
contact points momentarily. The water empties from the tin 
lid after causing this electrical contact, and the balance returns 
to its original position. The rate of dripping water can be 
adjusted so as to cause contact to be made as required. Thus, 
at regular intervals, is discharged a momentary current through 
a small shock coil, the diameter of which is 2 inches and the 
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length 6 inches and from thence is borne through a long wire 
to two stiixjs of sheet copper buried about G inches in the ground 
one along each of the two ojjposite sides of the plot set apart 
for experimental work. 

Mr. Rushforth planl^jd his potatoes, then daily aj^plied 
shocks for one second at regular intervals of half a minute. 



Fig. 96 — Mr. R. A. Rnsliforih’s df'vif'o for puiomatically s^vitching on 
and off the current for potato growing. 

The current for tiio whole season was supplied by jhree Leclanch6 
cells, although the size of the plot was about an acre and these 
cells were charged once only (at the beginning of the season). 
It is noteworthy that wire worms, slugs, grubs, etc., kept* away 
from the electrified potatoes. Further corroboration is requued, 
as one season’s experimental work in agriculture is of little avail. 


^2 ELECTBO-FABMINd^ 

A simple type of apparatus has been installed by Mr. A. R, . 
Hill in the garden of a Walsall school. Experiments virere made 
on three different plots, with potatoes, peas, beetroot, beans, 
lettuce, radish, tomatoes and nasturtiums, electrical current 
being applied by means of zinc and c6pper plates connected by, 
an overhead wire. With potatoes it was interesting to observe 
that the greatest success was Mot obtained with the plants 
nearest to the electrode. Control x^lots on the other side of 
the garden made it possible to estimate the value of the electrical 
current. An increased crop gf i>otatoe8 was obtained. In the 
case of beans there was a loss of produce, but what were grown 
were ready for market earlier and were thus of more value. 
Beetroots may be j)lantcd earlier than their usual time if elec- 
trical treatment is to be given. 

Electrical treatment of seeds* 

As has been seen in the historical survey of this section, 
the treatment of seeds is one of the oldest of the branches of 
electro-culture. Sce])tics who are inclined to believe that elec- 
trical treatment can have no effect upon a seed should be con- 
vinced by the simple experiment made upon j)otatoes by Mr. 
A. E. Baines. Taking two potatoes, he boiled one for fifteen 
minutes and baked the othcT for the same length of time. It 
might reasonably be suiii)oscd that such treatment would render 
the potatoes incapable of sprouting, but after jJassing a current 
of electricity tlirough them for twenty -four hours, vigorous 
sprouting was observed in both sx)ccimenR. 

A seed consists of an outer dry membrane (the seed-coat) 
and a fibroid or lijioid layer between it and the seed proper, 
which latter has yet another thin, protective membrane. A 
seed is electrically inert, and before growth can commence, 
the seed-coat must be rendered conductive: ' The electro- static 
capacity of the seed is therefore a matter of great importance. 
This depends on (1) the resistance of the seed-coat, (2) the specific 
inductive capacity of the fibroid or lipoid dielectric, and (3) the 
nature and quantity of the liquid content of the seed-substance. 
Experiments show that electric treatment of seeds effects the 
plumule, radicie and cotyledons, thus insming early maturity. 
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The longest-known commercial process in this country, by 
means oU which seeds have been electrically treated, is the 
Wolfryn Electro-Chemical Process of Seed Electrification, which 
is essentially simple and which could easily be carried out on 
a farm where a supply ol power is available. All that has to 
be done is to place the seed to be treated in a bath containing 
a suitable metallic salt (4 02 ^. to the gallon). Common salt 
will easily suffice* but it is found to be worth while to adopt 
the kind of salt best adapted to the nature of the soil in which 
the seeds are ultimately to be grown. Calcium and sodium 
chloride are salts often used, as both of these are plant foods. 
One bushel of grain should be soaked in five gallons of water 
(although oats will need five and a half gallons). The period 
required for soaking before the passing through of an electrical 
current should be two or thr^c hours iji the case of wheat and 
slightly less for barley and oats. After this soaking, electricity 
should be applied, the amount of current required being two 
amperes per sq , ft. of the active surface of one of the electrodes. 
Electrical treatment should last for from three and a half hours 
for wheat or rye, to seven hoins for barley and maize ; after 
which the seed should be left to soak for a further sixteen hours 
without electricity. Then the water should be run off and the 
seed allowed to drain for an hour. Excessive moisture can next 
be removed by sprea<ling the grain on the floor and sprinkling 
it with slaked lime, and within twenty-four hours it will be ready 
for sowing. Although it can be safely kept for some time, it 
is better to sow promptly. This process, it is estimated, cannot 
cost a farmer more than a few^ pence per sack to execute. 

Obviously a process is judged by its results, and the Technical 
Committee of the Food Production Department of the Board 
of Agriculture have investigated the Wolfryn process. The 
Board of Agriculture reported an average increased yield of 
30 per cent, from seed treatment, following the lines of the process. 

In Australia, Mr. A. Carr Bennett has done much pioneer 
work in the application of electricity to vegetable seeds, and 
his work was first instigated by his discovery of the effect of 
a thunder-storm upon growing plants. Mr. Bennett started by 
using a three-inch medical induction coil, together with (1) 
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contact breaker, (2) flexible insulated wires with terminals, 
(3) a metal foot-plate, (4) two electrodes, and (5) three pi fig sockets 
and a switch fixed on the wooden framework that carries the coil. 
A great deal of the success of this treatment depends upon soaking 
the seed for the correct length of time loefore treatment. 

The results obtained are almost monotonous in the unifor- 
mity of their excellence. The advantages of the treatment may 
be summarised as follows : — (a) an increased number of seeds 
germinate, e.g., with Canadian Wonder Peas under test it has 
been found that 93 per cent, of the seeds planted germinated, 
(b) electrification hclf)s in the struggle against wee^ds and pests, such 
as red ants, (c) increase in the cpiality and (piantity of the yield. 

One farmer in Queensland state's that ho has netted £300 
from an acre of cucumbers from cdectro-cultured seeds (the 
usual return from this area — norWi’C'ated seed — never being in 
excess of £100). Another has taken thrc'e cases of tomatoes, 
over a ])oun(l weight each, from a single tomato vine grown 
from electrified seed. Again, another farmcT tells of beet, four 
pounds in weight, and four times the usual size. At the trial 
grounds, luc'cn’ne has been made to grow in unsuitable land 
where the untrc'ated sec'd absolutely refused to grow. Most 
beautiful l)looms have been produced far in excess of size and 
brighter in colour than from untreated seed. Mr. Bennett 
emphasises the fact that the soil upon which some of his best 
results have benui obtained is below rather than above the average 
in (piality. The disadvantage of all electric methods of seed 
treatment setms to be that the germ is weakened in its ability 
to resist frosts. Hence an unexpected frost may destroy the 
greater part of a crop that had not fully established itself. 

Treatment of Plant Life by Intensive Illumination. 

8omewdiere about 1080, an English botanist, John Ray, 
recorded what he had observed to be efTeetoef by the total absence 
of light on j)lant life. This appears to be the first indication 
that light was recognised to have an important influence on 
plantjifo, and it w as nearly 100 years from that date before other 
botanists investigated the question of the influence on plants of 
total darkness. No sooner had it been discovered that light is one 
of the most important factors in plant growdh, as it increased the 
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proportions of carbo-hydrates, than it was naturally concluded that 
artificial yght would have a beneficial effect on plant growth. 

It is noteworthy, that in this field of work there is a bigger 
record of experimental work than can be found in any other. 
This is largely because tljere is a double impetus to success in 
this direction. (1) Market gardene^rs and all agriculturists grow- 
ing vegetables, flowers, etc., for profit, naturally have an interest 
in any process w’shich might be exjjc^cted to hasten maturity of 
growth, and this purely commercial reason also affects the 
question where orchids and other rare flowers are concerned. 

(2) It is of inestimable value to ])lant breeders to be able to test, 
their hybrids in the shortest possible time. For instance, if 
new types of wheat, oats, etc., can, as has been done, be grown 
in four different crops in one year under the influence of artificial 
light, the seed breeder is saved exactly three years cxy>cri mental 
work. Further, this hastening of maturity in j)la»ts is invaluable 
to the man who is investigating the diseases of plants. In the 
past cultures of parasites have been lost during the winter, 
owing to fhe impossibility of keeping them alive and well 
nourished. This difficulty can now be overcome. 

The inconsistent results which so many experimenters hav(‘ 
experienced, arc' jjrobably <lue to insufficient allowance being 
made for factors other tlian light itself, wdiicd) should enter into 
the calculations of the exj)erimenter. 

The chief factors to be considered are as follows : — 

(1) Light. Intensity, Duration, Colour. 

(2) Air. Quantity, amount of Carbon-Dioxide, Humidity. 

(3) Soil. Moisture, Food value, composition. Bacteria and 

mould content. 

(4) Temperature. 

( 5 ) Normal habits of the plant. 

To find the effect of any one of these, all the others must 
be kept constant. Further, there is a certain value of each 
which will give the best results with each species.* For instance, 
intensity of light must be within certain limits to produce normal 
developments. These limits vary very widely for different 
species of plants ; as a rule those plants having leaves very much 
divided up require the greatest intensity. 
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As regards reaching the flowering stage only, the intenlity 
is not of such great importance, for it has been fount^^ possible, 
by regulating other influences, to make plants develop normally 
with much lower intensity than is needed in nature. There is, 
however, a certain figure below whiqji no blooms are formed. 
The following table, which is largely based on the work of 
Mr. Esten Hendricks and Dr. R. B. Harvey gives suitable inten- 
sities for various plants : — • 

Table XXI. 


BEST INTENSITIES OE LIGHT FOB. MAKING PLANTS BLOOM AND 

PRODUCE SEED. 


Plapt. 

Temperature. 

an 

Light 

intensity in 
foot candles. 

Cent. 

Fahr. 

Bolton ia asteroid es 
(False star wort) 

25 

79 

.268 

Pisum sativum 
(Common Pea) 

14 

57 

113 

Silene latifola 

(Virety of Silene (Campion 
Catchfly)) 

25 

79 

c 

226 

Lactuca scarivea 
(Prickly lettuce) 

25 

79 

254-381 

Erigeron canadensis 
(Horse weed) 

25 

79 

293 

Melilotus alba . . 

(Melilot white) 

i 1-^ 

57 

1 333 

1 

Phaseolus vulgaris 
(Haricot Bean) 

25 

79 

240 

Stellaria mediae . . . . ' 

(Stitch wort) 

25 

79 

259 

Avena sativa 

f 

(Common oats) 

14 

57 

268 

Hordeum vulgaro 
(Barley) 

14 

57 

183-226 
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Table XXI. {could,) 


Temperature. 


Plant. 

Cent. 

Fahr. 

Secale cereale ... .. . 

14 

67 

(Rye) 

Triticum vulgaxe (Kota) 

14 

57 

(Wheat) 

Triticum vulgare (Winter) 

14 

57 

(Wheat) 

Triticum vulgare (Bluestem) . . 

14 

57 

(Wheat) 

Triticum durum (Monad) 

14 

i 

67 J 

(S. Europe) Wheat 

Raphanus sativus 

14 

1 

57 

(Radish) • 

Trifolium pratense 

14 

57 

(Clover) 

Melilotua officinalis 

14 

57 

(Melilot) 

Viola Tricolor . . 

25 

79 

(Wild Pansy) » 

Tropaeolum minus 

20 

68 

(Nasturtium, Peru) 

Oxybaphiis nyctagineus 

20 

I 68 

(Umbrellawort, N. America) 
Cucurbita moschata 

20 . 

68 

(Musk Melon) 

Linum usitatissimum 

20 

68 

(Flax) • •• 

Nicotiana tabacum 

1 

20-26 

68-79 

(Tobacco plant) 

Zea Mays 

25 

79 

(Maize or Indian Corn) 
Euphorbia splendens . . 

20 

68 

(Spurge) 




Light 

intensity in 
foot candles. 

170-340 

183-226 

183-226 

183-226 

183-226 

395 

395 

395 

282 

71-127 

381 

71-141 

141-296 

226-2829 

141-846 

226 
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Table XXI. {contd,) 


Temperature. Light 


Plant. 

1 Cent. 

1 

Fahr. 

- intensity in 
foot candles. 

Lilium longifolium 

! 

1« 20 

og 

: 338 

(W. Lily Longleaf) 

Salvia sy). 

20 

08 

85 

(Sage) 

Pelargonium s]). 

i 20 

OS 

99-155 

(Storks Bill) 

Trifolium hybridum 

2,, 

OS 

113-170 

(CUover) 

Chcn()j)odium ;\lbum 

! 

• 20 

1 

! 

08 

141-2998 

((h)osefo()t) 

Amaranthus retroflexus 

20 

08 

141-2998 

(Love-lies- Bleeding) 

Solanu rn nigrum 

20 

08 

211 

(Nightshade) 

Caimibis sativ^a . . 

20 

08 

85-127 

(FTem])) 

Dianthus barbatus 

20 

68 

183 

(Sweet William) 

Fragaria sp. 

20 

08 

423-506 

(Strawberry) 

Cucumis melo 

20 

I 68 

141-560 

(Melon) 

Fago]:)yrum esculeritum . . i 

20 

08 

85-113 

(Buck wheat) 

Hibiscus trionum 

25 

1 ^ 

1 ^ 79 ^ , 

170-254 

(Bladder Ketmia) 

Solanum tubeir)sum 

25 

79 

127-141 

(Potato) 

Curevrbita Pe])o 

25 

! 

79 ' 

141-211 

(Pumpkin) 

Aster sp. 

25 

79 

141-566 

(Starworts)* 


i 
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The effects duration of light have been summarised by 
Gamer and Allaixl in the United States. They have classified 
plants into three grouj)s, (a) long day plants, requiring a day 
of 12 hours or more and hence blooming in the summer ; (b) 
short day plants, which l)ioom in early spring or late autumn 
when the light and temperature have diminished somewhat : 
(c) intermediate plants which ill bloom all the year round 
since all lengths of day are suitable for them. It is evident, 
for instaiKJC, that no good can be expected by lighting a plant 
of the short day ty|x% such as a (lirysanthemum. 

Tests seem to indicate that it is the longer waves of tlu^ 
spectrum which- luive the greatest stimulating effect, if the 
temperature is kej)t down. The shortest waves can be sereimed 
off without any notk'oable results, 'This is to be expected since 
the green chloro])hyll jlgrneut reflects the short wave green 
and violet light, and only light absorbed can have any effect. 

Increasing tlie amount of carbon dioxide in the atmospheric 
gives more ra])id growth up to a point, as 'TjebiH's and llphof 
discovered in 1921. In some ex])eriinents where the effect of 
an unscrei'ued gas-filled lamp was com] )a red with the effect of 
the same lam]) screi'iiod with coloured glass, a poorer growth 
with th(^ unscreened lamp was traced to the fact that the tem- 
})erature was too Ingh. It is often a]>parent]y an advantage to 
interpose a tliiekni'ss of uater of about lialf an inili between 
the lamp and the plants, to absorb some of the excess heat. 

At the Paris Exhibition of 1900, the writer had the oppor- 
tunity of ins])ectiiig the effects of electric lighting on plants 
through glass of various colours and then again in 190(5 he was 
privileged to observe the ex})eriments at Schenectady carried 
out by Dr. Steinmetz with mercury vapour lamps. Until the 
last few years most work in connection with the artificial illumi- 
nation of j)lanis has been carried out with light of ordinal}’ 
intensity, but mention must be made of some very interesting 
work which has been done by Dr. Li. B. Harv(\v, of Minnesota, 
on the growth of plants entirely in artificial light. Many plants 
were grown from seed to seed in the continuous light obtained 
from 200 watt and 1,000 watt nitrogen filled Mazda lamps, 
used, of course, in conjunction with suitable reflectors. 
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Dr. Harvey used good soil for all his experiments and 
occasionally watered the plants with Knop’s nutrier^i solution, 
so that there should be no deficiency in mineral nutrients. The 
light intensity, he measured by means of a Macbeth illumino- 
meter, and by placing the plants at difierent distances from the 
lamps, he managed to arrange that each obtained the correct 
intensity. He noticed that plants grown at a wrong intensity 
were likely to become weedy in appearance.* His experiments 
with Easter Lilies showed that with continuous artificial light, 
these can be made to bloom within two months after sprouting, 
that is to say, a month in advance of the same type of bulb in 
the ordinary greenhouse ; the intensity of light upon them was 
as high as 1,200 foot-candles, the constant temperature being 
08 deg. Fahr. (20 deg. Cent.). Nasturtiums, it was discovered, 
kept longer, as these plants contain much more than the normal 
amount of sugar. 

Minnesota is not the only agricultural experimental station 
in the United States, where artificial light experiments are being 
carried out. Experimental work in this branch of science is 
being carried on in at least a dozen States. 

In New York City, at the Boyce Thomson Institute, for 
Plant Research, in Yonkers, two basement rooms are used for 
experimental work. There is no day-light in either room. One 
is kept consistently dark and serves as an artificial night. The 
other is illuminated by powerful electric lightS suspended from 
the ceiling. Healthy plants have been reared, though their 
whole life has been passed in one or other of these two rooms. 
In fact, the conditions obtained by a wise interchange of arti- 
ficial light and artificial darkness are superior to the best green- 
liouse or natural conditions, in the case of such plants as gera- 
niums, snap dragons, radish, sun-flowers and sweet peas. 

The main effect which these particular, experiments prove 
is that artificial light can be substituted for ordinary light, in 
fact, that it is superior to normal light. Further experiments 
have been carried out with the idea of discovering what would 
happfen if day-light were supplemented by electric light at night. 
In a largo greenhouse, forty-eight electric lights of 1,000 watts 
each, were installed, the lamps being arranged so that the amount 
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of light used could be regulated. The process was found greatly 
to hasten tthe growth of the plants. Sweet peas bloomed five 
wjeeks earlier than would otherwise have been the case. Lettuce 
growth was expedited by something between a fortnight and 
a month, and, most remailtable of all, a certain type of clovei* 
which under natural conditions takes two years to bloom, was 
brought to flower in a little oyer two months. 

The author decided to carry out some work of this kind in 
his own greenhouse, more particularly to ascertain if there were 
likely to be any commercial advantages in intensive lighting. 
For this purpose he employed 1,000 watt Mazda lamps and giant 
reflectors of 2 feet in diameter. 

It has always been assumed that ultra-violet rays are an 
important factor in plant growth, hence many experimenters 
have used mercury vapour lamps, rather than^the gas-filled 
lamps employed by the author. A test of the gas-filled 
lamps made by the writer, shows that though they provide 
hardly any t^aco of ultra-violet light, yet tlu're is no doubt that 
they have been and are most efiicient in hastening the growth 
of the plants beneath their influence. This suggests to one that, 
after all, ultra-violet light is not so wonderfully beneficial to 
plant life as one is always led to believe it to be. In this con- 
nection it should also be mentioned that the constitution of the 
window glass of the ordinary greenhouse is such that it cuts oft’ 
all ultra-violet li^^it. The heating apparatus of the greeiiliouse 
nullifies the ill eftect of the absence of these ultra-violet rays. 

For experimental purposes, in the greenhouse of the author, 
a self-winding automatic time switch was installed, whicli con- 
trolled the lights, and it was found convenient to arrange for 
the electrical treatment to be given to the plants between mid- 
night and 6 a.m. as during this period the current was not re- 
quired for anything else. From the point of view of the current 
consumed, the work done to date has shown t^iat electrical 
treatment by intensive illumination is at present a costly pro- 
cess, except for the special purposes to which reference is made 
a little later. Should the treatment be sufficient, there does 
not seem to be any reason why Powder Supply Companies could 
not give special rates during the night hours. >Furthcr, the 
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rearing of flowers in winter is a luxury trade, for which the 
purchaser expects to pay heavily, so that the question of cost 
is not at all times of i)rimary importance. Nor docs it enter 
into the calculations when the object of the treatment is for 
purposes of seed breeding. • 



Fig. 07. — The plants when first subjected to intensive electrical 
illumination. * * * 

* 

The plants under test (Figs. 97 and 98) included daffodils, 
lent lilies, narcissi, lettuce and a variety of other plants, 
similar control plants were placed in another part of the green- 
house, so that the relative speed of their maturity could be 
accurately gauged. In the case of the bulbs above mentioned. 
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the plants were placed under the light when the buds were just 
beginning to form . Daffodils , and Len t Lilies , flowered in four days, 
growing about f inch per day. Narcissi flowered in seven days. 
An azalea plant in full bud opened to full flower in one night. 

Two discoveries made*by the author combine to make the 
commercial side of this process better than would at first appear. 





Fig. 98. — The i)iants after four night's treatment. 

t 

In the first place it is not necessary to give plants six hours 
continuous treatment every night. Relatively, the progress 
made is considerably greater if plants are given one night ^s 
treatment, than if they are given six, so the suggestion is made 
that the market gardener should treat’ his plantA in this way 
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if he wishes to obtain the best possible ^vantages from the 
use of electric illumination. 

To avoid the trouble of moving the plants from one side 
to another of the greenhouse, it is suggested that the lamps 
should be suspended from an over-hf^ad run-way of galvanised 
wire. In that way, lamps can be moved from section to section 
of the greenhouse. The second n^e to which the market gardener 
can put electric illumination is in the matter of the treatment 
of seedlings. Transplanting acts as a check on the growth of 
plants and a chock on anything young takes a lot of making up. 
In fact, the day after this transplanting operation has been * 
performed, every gardener knows that the seedlings frequently 
fall over and wilt. If, immediately after transplanting, the 
seedlings are exposed to one night’s intensive illumination treat- 
ment, they will be found to be strong and healthy in appearance 
on the next (lay, instead of suffering from the ill effects of 
their transplanting. 

Electrical forcing by intensive light is far preferable to 
forcing by any other moans, for whereas when forced by other 
methods, blooms frequently are found to loose colour quickly, 
but in the case of electrical forcing, the colour docs not appear 
to be in any way effected. 

Electrical Pollination. 

The creation of new varieties of plant life. 

In Italy the Italian Government has combined with elec- 
trical firms in the establishment of a laboratory at Pistoia. 
Here, through the action of an electrical discharge on the pollen 
it is claimed that it is possible to produce new varieties of vege- 
tables. Photographs show that the electro-culturist can by this 
means change the colour, size and shape of such fruits as tom- 
atoes, marrows, sunflowers, cabbages, etc. Herein lies a field 
of work which as yet has been very* little explored. 

The Electric Heating of Greenhouses. 

Where power can be obtained very cheaply, the electric 
heating of greenhouses is obviously more simple and satisfactory 
than heating of any other kind. Recently the author had the 
opportunity of investigating some greenhouses which were elec- 
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trically heated. Tlie special problems of the greenhouse re- 
quired slight modifications on ordinary lieating practice. Foi* 
instance, the air is moist and therefore tfie totally enclosed 
iron-clad ty})e of switch must be used. 

Effective distril)utiou*of heat can be obtained by the em- 
ployment of bare wires running round the greenhouse, but 
these wires must have some yrotection froju water drippings 
from plants ()verh^ad. 

Heating the Soil. 

Tn contrast to tlu' traditiojial idea of heating the green- 
house, th(u e is also the method juirsued by Direct or Hjalmar 
Olsen (Norway), who lu'ats the soil by means of laying an electri(‘ 
heating cable at a (le])tli of sixteen to eighteen ineJu's beneath 
the level of tlie ground. Plxcellcnt results lia\(' been of)tamed 
by this means. A similar installation has bc(Mk made in th<' 
author's garden. 

An interesting suggestion for the heating of the ground, 
was ])ut forward 1)V .Mr. D. M. Sayers at a meeting of the Tiisti- 
t lit ion of Eleeti’ieal Engineers last year. It was to the effect 
tliat the waste lieated ^\ater from a central station suj)ply should 
b(‘ directed through huried j>i|[K*s to warm the soil abov(' them 
for the ])ur])()S('s of defeating tiu* ill effects of sj>ring frosts, etc. 

Electricity for the destruction of pests. 

This is a nufttcM* whiwh is at jm'seni entir<'I\ in an ex])eri- 
mentnl stage. IVriodically it is claimed that extermination of 
})(‘sts by (‘leetiicity is a ])raetical pro])osition. A high tension 
flischarge as used lor el(*ctro-culture ov(‘r j)lants certainly causes 
th(‘ wings of certain insects, o^ing to the electro- static*- effect, 
to extend towards the source of the charge. This makes the 
insects loose their balance, fall to the ground and bec^orne a 
prey to their ejiien\ies. With valuable plants, almost actual 
contact with high tension current has been tricHl, and, as might 
]>e expected, any insect coming in the path of the spark is des- 
troyed. This naturally involves too much laho\ir. 

In Washington. U.S.A., wires are being strung tinbugh 
apple trees, over which a ])owdfnl electric cun'cnt is to be passed 
in the hope of exterminating the codling moth. • In the roH(‘ 
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gardens and cherry orchards of Seattle this experiment has 
already been made with a certain amount of success, hence 
the extension of the idea ujjon a larger scale. In Egypt a form 
of harrow, electrically charged, has been drawn over the ground 
for the purpose of killing locusts. ^-^This has been successful, 
but difficult to accomplish on a large scale. 

Moth catching traps in Virginia are placed three to an 
acre at about ten feet from the ground. A reflector is placed 
over the light to prevent water dripping into the trap-pan, 
*The latter holds three quarts of paraffin and is supported from 
the reflector by four wires at iibout six inches under the lamp. 
Whenever a moth flies against a light, it drops, hence if a liquid 
that w ill kill it is placed directly under the lamp it will be caught. 

It costs £180 to wire thirty-two acres (ninety-six lamps). 
The current consum])tion costs /.wenty-one shillings per night 
<luring the moth seasoji. The killing of the moths means an 
extra profit of £400 to £800 a year on tomatoes. 

In Ontario, fruit growers are following tlic example of 
<*ontemporaiies in New Jersey by equi])ping their orchards with 
electric lamps. These are hung fairly near the ground and 
beneath each one a large pan of j>araffin oil or other luiiiid is 
placed. After dark when the lamjxs arc alight, the oriental peach 
moth and other insects fly to the light, become dazzled by it and fall 
into the liquid below. A similar methodhas also been tried in Japan . 

A death ray for the destruction*' of insect pests has been 
developed in America. It is produced hy a ])ow'erful electrical 
<lischarge inside a glass vacuum tube at one end of which there 
is a window of aluminium, through which niovijig electrons 
])ass. The ray has an effective range of eighteen inclies, and 
up to date it is reported that it Ims been used to kill bacteria 
sj)ores (with an exj)Osure of one-tenth of a second) and fruit flies. 
This, however, is another matter that obvio-isly requires a good 
deal more investigation. 

Mr. Carr Bennett has claimed that his system of electrical , 
treatment of seeds helps in the extermination of weeds because 
electrified seed has been given a start and is alw ays so much 
in advance of the weeds that they never catch with it, i.e., 
they never ckoke the plant. 
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CHAPTER XV. 


irrigation; PTMPING* AND LIQUID MANURE 
DISTKTBirnON. 


Decimal (‘las>s. 031 .7E 

A very importajit question in many parts of the World is 
the provision of an adcnpiat-e water supply for the irrigation of 
crops, and to make them ijidependent of tlie agarics of nature. 
No new principles are in\'oUx‘d, except that electric motors 
are now employed to operatic the pumps in place of windmills 
and various types of heat engines. The gradual ousting of 
all other forms of prime mover, in favour of electricity, is due 
to the fact that the iminping is nearly always re(|uir(‘d at some 
distance from (jonvenient. j)laces for the ])ower stations and at 
times when it is often inconvenient to o])erate other prime 
movers. Electric motors are also so much more (‘onveniently 
handled by uuskill(‘d stall. Purther they may be automatically 
started and sto|^>|K*fl, or ctmtrolled from remote positions. 

On many farms abroad where water is available, it is being 
employed for irj'igation in seasons of low rainfall. In this way 
the farmer has another aid in circumventing tlie weather, as 
lie is able to regulate the supply of water at the jieriod when 
plants recjuire it most, which is at the time of maximum growth. 
Before the advent of electric punqiing, any sucli schenui was not 
really practical on account of the labour and capital costs neces- 
sarily hivolved. . 

It is a veiw' interesting point, demonstrated^ by cx])(‘ri<uice, 
that the limiting cost per acre for irrigation for general farming 
(as distinguished from intensive farming) is live sbilliugs per 
annum for wheat lands, and fifteen shillings foi* sugar 'oanc. 
So if the ])umping costs and interest charges exceed this figure, 
the scheme is doomed to failure as a •commercial ju’opositioxi. 
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Five hundred to seven hundred gallons of water per minute 
is the minimum sufficient to irrigate one hundred acres. Each 
irrigation usually varies from two inches to six inches deex> 
(chiefly a})out two inches) with say a total of two acre-feet per 
acre per aiinuin, or say 550,000 gallons per acre per annum, 
<lepending, of course, upon tlie locality. It may be reckoned 
that twenty ])ei‘ cent, of tlie w ater ]>umped w ill be lost by seepage 
and evaporatioii. Tl»ere are six main mef^fiods of applying 
watei- to the land. viz. : — 

(a) vertical distributing stand-])ipes of large diameter, fed 

by underground })ip(»s. 

(b) fiorlable 12 ft. galvanised light steel pijies. 

(c) blocking or cli(‘cking in sections. 

(d) general tlooding. 

(e) distriliut ion in furrows. 

(f) sjiraylug metliod ((Mth<*r witli or witliout portable 

rolling pi])es). 

In certain count ri(‘s such as tlu* IShdluTlaiids. very largo 
t‘l(‘efric pumping installations are now in op<'ratVm for the 
lemoval of (‘xct'ss water. Hlectrio pumps are rafiidly rejilacing 
windmill ])uin])s, e\'en in Hat countries such as Denmai'k and 
ilollaud, on account of their gieater relialiility and the fact, that 
])Uinping is n('arJ,\' always reephred during jxa'iods of rain, when 
tluTi' is no Avind. An interesting de\elo])ment of irrigational 
faiining is tlu* maintenance oi the v\at('r k'vcd- in th(‘ fields at 
(l(‘linite depths below the surface, in aee.ordanco A\ith th(‘ nature 
of th e- er()]).s. Tlie de))th of water in each field or range of fields 
is controlled by automatie el(‘etric jinuips. 

Ill the Shesta Valk'v in California an annual harvest valued 
at over £100,000 ($1<S0,000) is obtained from laud irrigated 
entirely by electrically driven pumps. In certain parts of the 
StaU‘s (>t‘ Oregon and Idaho there are a iuim,her of electric pump- 
ing equifimeuts wliich elovat(‘ th(' watef as liigh as 100 ft., and 
inigati' 1,500 acres of land. In two piefeitures in Japan there 
ar(* instalhvl 1.090 electric motors, with a total capacity of ovei* 

1 ,700' horse-])ower, for irrigating the lan<l. In Japan it has 
la'cn found that one small electric motor can irrigate ten acres 
of land and ^ike the ]>laee of 200 men-days during ordinary 
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seasons and 320 men-days in dry seasons. By means of the 
electric mptor, large tracts of land hitherto unsuitable for any 
purpose have been converted into profitable and productive 
areas. The electric motor has simplified irrigation, as it is so 
much more reliable than cAher means of power and can also be 
run for weeks at a time without stopping. In fact, there are 
a number of electric motor irrigation installations operating for 
twent 3 ^-four hours a day for five months of the year, the only 
attention they require being occasional oiling of the bearings. 
In Germany there are over 4,000 automatic watering or spraying 
plants, in use in market gardens and farms. (Fig. 99). 



Fig. 91). — liain and sprinhlor carriage. 

Central Manuring Plants. 

The manuring of a number of Swiss fruit farms is now 
done by means of ^eitand pipes in the orchards. These pipes 
are connected by underground mains to a tank, fixed near the 
main buildings, in which is collected the urine from the cowsheds. 
When the stand pipes are to be used, old rotted manure is thrown 
into the tank, the coxitents being agitated by means of elbctric 
motors, either by driving revolving arms or by circulation 
through centrifugal pumps, A force paimp, takij;xg its supply 
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from this tank, pumps out the mixture to the stand pipes in 
the orchard, from which the liquid is distributed by a hose pipe 
and nozzle. 

This system has been found to save so much labour, both 
of horses and men, that it is becomfcig a general farm practice 
in many jjarts of Switzerland. As the distribution pipes are 
laid about three feet in the grqnnd comparatively cheap pipes 
can be employed, which greatly reduces the cost of the instaUa- 
tion. Further, the uniformity of the mixture helps to produce 
uniform fertility of the soil. 



Fig. 100. — Directing a j>owcrful jet of water to wash the straw in 
a manure pit. 

The mains thus used for manuring the fields with liquid 
manure can, of course, also be employed for watering them in 
exceptional seasons of drought. The consumption of electric 
current for liquid-manuring and watering in accordance with 
this process amounts to ninety units per acre, and is therefore 
an attractive load from the point of view of an electricity supply 
undertaking. A more recent development is where the manure 
is placed daily in a shallow pit, about one foot in depth, and 
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then played upon with a powerful jet of water directed by a 
man with ^ hose pipe, so as to wash the straw, the liquid being 
allowed to run away to an underground storage tank. (Fig. 100). 
By means of a centrifugal pump the water is supplied to the 
jet at a very high pressiare. The liquid in the underground 



Fig. 101.— 1 Cle(;tri(j motor attached to liquid manuie pump at 
Greater Folcourt. • 

tank is stirred and agitated by means of an electrically driven 
centrifugal pump, another centrifugal pump delivers the liquid 
through cast-U’on pii)e8 laid in the ground to various points 
on the fields, where hose stand pipes ase provide^. The liquid 
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manure is distributed over the fields by means of a hose pipe. 
While these installations were originally started ipv market 
gardens, they have now been found very advantageous for ordi- 
nary farms, as the manure is dealt with hydraulically, except 
the short delivery from the cowhouse to the washing pit. The 
distribution is also carried out hydraulically, thus saving carts 



Fig. 102. — Manuro pump driven by portable motor. 

* m. 

ano'e^h^^®^® men’s time, as one man with a hose pipe can accom- 

plish much work as a couple of teams of horses and several men 
could by >* 3 t^he old method. The washed straw from the shallow pit 
is put asid(>^^ in a heap to rot in the usual way. Fig. 101 shows the 
liquid mq^-^aire pump installed on the author’s farm, while Fig. 102 
shows ^ ' portable motor attached to a portable liquid manure pump. 
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Water Supply tor Farm House and Buildings. 

Electee motor pumps which provide the farm with a water 
system for the home and buildings are one of the most highly 
prized advantages claimed by those who have adopted them^ 
One of the greatest hardships on an average farm is the continual 
carrying of water, a task which often falls on the women folk. 
The burden of this task can be^ better realised by investigating 
the amount of waler required on the average farm. The mini- 
mum requirement for the average mixed farm of say, 150 acres, 
is 600 gallons per day. The time required for one man to pump 
this amount, with the most efficient hand j)ump would be thirty 
^ minutes. Table XXll. shows the usual amount of water re- 
quired in villages and farms and a casual perusal of this table 
should demonstrate the great need and advantages of using 
the electric motor. . 

A further advantage of a running supply oPfresh water is 
that in the case of dairy cows it is an established fact that a 
constant supply of fresh clean water results in a higher milk 
yield and a cow will drink far more water when it is fresh, pure 
and always available near the feeding trough. Incidentally, 
the new' Milk and Dairies Act, has for the first time made the 
cooling of milk to a specific temperature compulsory, therefore 
the need of a constant supply of fresh water in the dairy is abso- 
lutely essential. 

Automatic attachments can nosv be obtained for operating 
the pumps. The most usual form is wffierc an attachment is 
provided in the storage tank, wdiich, w'hen the water falls below 
a certain level, starts the motor and directly it rises to the pre- 
determined level stops it. 

When installing a new’ water system it is as well to employ 
a high pressure one, as buckets, etc., are naturally filled more 
quickly, if the supply is provided at a pressure of about 40 lbs. 
per square inch (280 kg.^ per sq. dm.). An air pressure storage 
tank is employed to provide the necessary pressure. As a rule 
only a fractional horse-power motor is required. 
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Table XXII. 

USUAL WATER SUPPLY REQUIRED IN VILLAGES AND V)N FARMS* 

1,400 gallons per day for a small country house with stables 
and garden. 

4,500 gallons per day for a mansion with stables and garden. 

600 gallons per day for the *buildings on^a 150 acre farm. 

210 gallons per day for a small dwelling house with six in- 
mates having one bathroom, no stables or garden. 

60 gallons per day for a small cottage. 

15 gallons per day per person for village supplies where taps 
are fixed in all houses. 

10 gallons per day per person for village supplies where the 
water suj)ply is not taken into the houses. 

50 gallons per day per motor ear. 

On the Farm. 

25 gallons per person per day. 

» 25 gallons per dairy cow per day. 

15 gallons j)cr he«ad of cattle per day. 

15 gallons per horse j>er day. 

2 gallons per pig per day. 

1| gallons per sheep per day. 

Pumping Water. 

To pump 1,000 gallons of water to a maximum height of 15 
feet takes one man 15 minutes, one horse 7 minutes, and a 
1 horse-power electric motor 4| minutes. 

To pump 1,000 gallons of water to a maximum height of 50 
feet takes one man two hoins 48 minutes, one horse 23J 
minutes, and a 1 horse-power electric motor 15 minutes. 

To pump 1,000 gallons of water to a^maximuin height of 100 
feet takes one man 5 hours 36 rainutc*.s, one horse 47 minutes, 
and a 1 horse-power electric motor 30 minutes. 

To pump 1,000 gallons of water to a maximum height of 200 
feet takes one man 11 hours 12 minutes, one horse 1 hour 
34 minutes, and a 1 horse-power electric motor 60 minutes. 
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ELECTRICITY ON TiJE POULTRY FARM. 

Decimal Class. 636 5E 

Table XXIIl. 


USES OE ELECTRIGITy ON POULTRY FARMS. 

Egg tester. 

Incubators. • 

m 

Fans for circulating air in incubators. 

Ultra-Violet Ray Treatment. 

High Tension treatment. * 

Ozone treatment of growing stock and i)ou]try houses. 
Hovers and foster mothers. 

Light in laying houses (to increase egg production). 
Automatic time switches. 

Pumps. 

Water boilers. 

Drinking water heaters. 

Grain sprouters for oats. 

Food mixing machines. 

Bone grinders. 

Green bone cutters. 

Grain crushers. 

Grinders. 

Kibblers. 

Grist mills... 

Clmff cutters. 

Greenstuff cutters. 

Grindstones. 

Whitewashing machines. 
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Economic Considerations. 

Undoiibtedly one of the main factors necessary for poultry 
farming is based upon the reduction of the labour cost per bird 
to as low a figure as possible. One of the ways of attaining this 
aim is to employ electricity as a medium for power. At the 
same time advantage can be taken of it for purposes of lighting 
and special treatment. This possibility of being able to utilise 



Fig. 103. — Egg testing by moans of an electric hand lamp. 


electricity for a number of purposes is a. very attractive feature, 
but is not, of Qoims©, in itself a .sufficient argument. Experi- 
ence as regards the use* of electricity on poultry farms in this 
country, is not at present as widely spread as it snould be. The 
author’s own poultry farm is e4quipp€d with elcctncity, and he 
is aware of about fifty other installations. In America,* how- 
ever, electricity is used on nearly all large poultry farms, 
and has proved highly beneficial and economical. There is 
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really no reason why it should not be, for that is the experience 
of every other industry. Electricity is generally utilised by 
these industries, not because it is electricity, but because it is 
the most convenient and efficient means of transmitting power 
from the generating plant to the machine which it is required 
to drive. Further, it is a form of power that can be utilised 


• f 



Fig. 104.- - 1 osting trays of oggs by moaris of an egg testing table. 

' « • 

SO conveniently — a twitch of the switdi and an electric motor 
starts u}) withdlit the great amount of trouble that is associated 
with independent oil engines, long lines of shafting, hydraulic 
systems, etc. 

Electricity is, of course, a science in itself that requires 
considerable study. Hqwever, the requirements of the poultry 
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Incubators. 

In the field of artificial incubation first place musij-/ be given 
to the electric incubator. Owing to the practically constant 
voltage of the normal electric supply, the temperature of incu- 
bators can be regulated more accura/iely by the aid of electric 
heaters than by any other means. (Fig. 105). 

A number of methods are employed for constructing the 
electric heating element. One method is by winding a very 



Fig. 106. — ^Method of converting an oil lamp incubator 
into an electric one. 


fine bare resistance wire in a number of sections and placing these 
so that they cover the whole surface of thev egg tray, thereby 
diffusing a gentle heat evenly over the whole area. The sections 
are connected to an automatic regulator, and when sufficient 
heat is obtained the sections are qut off, one at a time, automati-, 
cally. * This means a great saving of current, because when the 
hatch progresses, animal heat is given off, which can be used 
instead of the g^pplied hey-t. 
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In all cases only the current necessary to maintain the 
temperatiyre is consumed, once the desired degree of heat has 
been reached. A further advantage of an electric incubator 
is that a small lamp can be inserted inside the lid near the ther- 
mometer, making the night reading of the thermometer and 
general inspection a simple matter. Another type of electric 
incubator is so designed that should the current be temporarily 
cut off, no harm will be done to the hatch, because sufficient heat 
is stored in a water jacket, which surrounds the heating element, 
to keep the incubator up to its correct temperatme for some time. 
As a matter of fact, as shown by a number of experiments, in 
a well lagged incubator, no difference in the result of the hatch 
can be observed, if the current should be cut off for twelve hours 
or so, during the period of incubation. It is reasonable to expect 
this, for after all the hen oftqji leaves her nest for a while. 

Existing oil lamp incubators can easily be •converted into 
electrical ones, by inserting an electric heater as shown in Fig. 
106. The Gloucester Incubator Co. manufacture a dual purpose 
incubator, which can be operated by electricity or oil. The 
complete electric element can be removed from the heater and 
a spare flue suitable for oil consumption substituted in a few 
moments. 

There is also a type of tdcctric incubator which produces 
the necessary heat by means of ordinary electric light bulbs. 
This type is of*interest as it is claimed (though it is open to 
doubt) that the light invigorates the developing embryo. 

The outstanding advantages of electric incubators as com- 
pared with all others may be summarised as follows : — 

(1) Simplicity of operation — the heat is turned on by simply 

twitching a switch. 

(2) The heat is always under perfect control. 

(3) The aii; always retains its life giving oxygen. 

(4) No smoke, sootf, fumes or smell. 

(5) Fireproof. 

(6) Can be used anywhere^ 

(7) Requires no attention night or day. 

(8) Produces more sound, healthy chicks (which pay for 

a lot of heating current). 
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What is probably the largest electric hatchery in the World, 
is at Petaluma, California, in which there are electric ^oubators 
having a capacity of 604,800 eggs. This is an exclusive electric 
hatchery. Approximately three-quarters of a million feet of 
resistance wire were used to produce the heating elements. 
The current is supplied to the premises at 4,400 volts and there 
transformed to 110 volts. The^ switch-board is equipped with 
two large switches of 1,200 amperes each, twenty-two of 200 
amperes, and four of 100 amperes. 



Fig. 108. — A mammoth electric fan 0 ])erated incubator containing 2,400 
eggs, in use at Greater Felcourt, 

A new electric incubator with a capacity of 2,400 eggs, which 
could be connected up to an ordinary wall plug, was recently 
exhibited in New York It had a novel arrangement for 
turning the eggs so that by pressing a button all the eggs could 
be turned in tw'o seconds. A new French electric incubator 
carries the eggs on a continuously moving horizontal tray. 

Another great advance in incubator construction is the 
employment of electric fans for circulating the air inside the 
apparatus.* An electric 'fan operated incubator occupies a com- 
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paratively small space, 8 ft. 6 ins. cube being sufficient for a 
machine wth a capacity of 10,000 eggs ; while a space 5 ft. 
square and 32 ins. deep, is sufficient for a 2,400 egg machine, 
(Fig. 108). This compactness means a big saving in building 
construction and in attendance, as usually, long mammoth incu- 
bators of the same capacity require not less than seven times the 
ground space, plus the additional room required to operate the 
incubator on all sides. The success of an electric fan operated 
incubator lies in the equal distribution of heat and uniform 



Fig. 109. — IClec'tric fan incubator 8howir)g tiio system of 

air circulation. 

ventilation. Its small dimensions are due to the fact that the 
eggs can be placed in* several trays, one above the other, which 
is impracticable in the ordinary stagnant air incubators. 

The employment of electric fans forces the warmed air 
into every part of the egg chamber, keeping every compartment 
at the correct temperature. In fact, this system ensures* that 
every egg is kept at the same temperature, a condition which 
is seldom approximated in any incubato? of the single tray type. 
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A supply of fresh air is drawn from outside the incubator 
through carefully adjusted openings located round^ the fans ; 
the fans are placed at the top of the heating chamber with 
the spindle in a vertical position (Fig. 109), so that the fan can 
force the air downward through tht^ heater coils into the incu- 
bation chambers, and thence ui)ward through the egg trays. 



Fig. 110. — The bi-woekly hatch at a large^poijltry farm. 


These egg tra>*s arc placed in five to ten tiers one above the 
other. Outlets arc provided in the toj) of the incubator above 
the egg trays, and through these openings, a certain portion 
of the air escaj^es to be rei)laced by fresh air drawn from the 
room. This tjystem ov^’comes the difficulty of securing ventila- 
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tioii without excessive evaporation, which is a common defect 
in most incubators. Too rajjid evaporation results in small 
hatches and weakly chicks. For successful incubator practice, 
three vital factors, heat, ventilation and moisture must be 
automatically held in correct balance. 

Eggs that are incubated in machines of the ordinary type 
have to be taken out of the apparatus and cooled once or twice 
every twenty-fouf hours ; but® under the electric fan system, 
the eggs require absolutely no cooling, as of course they 



Fig. IIJ, — I)tiy-ol<l t'hicks .straight from tho oloetrh; incubator. 


are not confined in a closed compartment, in which the circu- 
lation of air is necessarily both slow and sluggish. 

Incidentally, one of the attractive features of the electric 
fan incubator lies in^i^ts ability to permit of continuous hatching, 
that is, the trays are filled in turn and hatch in turn, and also 
it is found that the chicks hatch out regularly in Ihe same num- 
ber of days, w^hich fact is again due to ideal conditions of heating 
and ventilation. (Figs. 110 and 111). 

On the author’s farm, the hatching efficiency over two 
years was 83.5 per cent., truly a high figqre when i^ is considered 
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that attention is reduced to two inspections per day, all cooling 
of eggs being eliminated, while the turning is done in five minutes. 
This high efficiency is not an exceptional case as the majority 
of the users of this type of machine claim an 80 per cent, to 
88 j)cr cent, hatch of all fertile eggs^ and above all, the chieks 
hatched arc healthier and stronger. A minor but not unimport- 
ant point is, that only one regulator and two thermometers 
are required for an incubator svith a c*apacky of 10,000 eggs, 
as compared with the 74 or more rc'gulators arifl a similar number 
of thermometers, necessary in the oj-dinary mammoth incubators. 

The amount of current recpiired to operate an electric 
incubator is shown in Table XX I V". 

Tablr XXI 


• 

Size of 
Incubator. 

Voltage. 

t 

Watts, 

(\)nsiiniption jht 
hateh in Units 
(kWh). (kuTeiit 
cut off ]KU’ eeiit, 

of the time. 

(in-egg 

110 

7.") 

i bl 

ir)(»-(’gg 

no 

100 

20 

30()-cgg 

no 

200 

40 

«0()-cgg 

no 

400 

<S0 

()r>-cgg 

220 

<S8 

17.() 

loO-egg 

220 

110 

22.18 

300-egg j 

220 

220 

; 44.35 

OOO-egg 

220 

440 

1 88.70 


Hovers and Foster Mothers. 

f. ^ 

Electric* hovers are of two ty])es. One using a resis- 
tance as a becking (4ement and the cither em])loylng electric 
lamps. Both ty])es have a number of advantages over the older 
methpds, chief among them being tlie even distribution of heat, 
which is such an easy matter electrically, ov ing to the simplicity 
of distributing the heating elements around the hover, whereas, 
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with the older ty])es of oil and coal burners, a central lieat was 
all that was possible. The advantage of this distribution of heat 
is that it prevents the chicks crowding together, trampling and 
suffocating each other, in their e^ffort to keep warm. 

To get a clear, fresh ^itmos])here is also a difficult matter 
when using coal or oil, but electric heating allows the chicks to 
breathe pure fri‘sh air ail the time, as there are no fumes or 
smoke to (‘-ontammate the atraosjdiere. 



Piy 11:!. — OiK* lh(’ forty-two (‘oiiijMirtineiits in tlie Author’s large 

))i'oo<l{'r hous(' tor .*{, tUt) chicks. 

Th(» succ(‘ssful experiments, nn^ently carried out in Cali- 
fornia, with an ('leetrie heater placed around a room (instead 
of centrally in it. as is ciistomar\ ) large encnigh to hold o^ cr 
1,000 chiciks wi|J [)cobably lead to a more general use of this 
method. 

A large scale commercial brooder house, recently designed 
and erected by the author for. his farm, eom[)riscs forty-two 
compartments each holding seventy-five chicks. (Fig. •112). 
Ill the centre of each, a liot water heated air-radiator is placed. 
These radiators are now being adapt4?d for conversion into 
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electric heaters. So successful have they been that the losses 
have never exceeded 14 per cent. ^ 

The amount of current required to operate an electric 
brooder is shown in Table XX\\ 

Table XX V. 


Size of 

Brooder. 

Voltage. 

< 

Watts. 

Ck'nsumption per 
month in Units 
(kWh). (Ckirrent 
cut off 50 per cent, 
of the time). 

IfiO-chiek 

110 

220 

79 

500-chiek 

• 

110 

;^3() 

118.S 

inO-chick 

220 

220 

79 

500-chifk 

220 

.330 

11S.8 






Ultra-Violet Ray Treatment. 

A very ])romisiii^ for ilie us(‘ of electricity, is the a])])li- 
eation of ultra-violet rays for hens and chicks. Though more 
experimental work must ])e done, tlierc is suflicient evidence 
to show that there are great j)ossi})ilitios along those lines. Tests, 
with a in(Te\iry vapour lamp were recently carried out at the 
Agricultural rollege of .Wisconsin, with the result that hens — 
admittedly not of a high egg-lay iiig strain — treated with a ten- 
minute ultra-violet radiation per day, laid considerably more 
eggvS than a ])art. of the same flock treated under exactly similar 
conditions, though not exposed to the rays. (Fig. 113). The 
effect of ultra-violet rays has also been successfully tried on 
chicks, ju’oducing strong vigorous birds, -which at nine weeks 
old weighed twic^e as much as chickens of the same age not 
subjected to treatment. The author himself lias not as yet 
corroborated these tests, thongli he intends to do so at the 
first opportunity. How^ever, he has been carefully studying the 
effect of ultra-violet rays on liumaii beings and has carried out 
experiments mth these rays on plants sizice 1900. The most 
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advantageous period to apply the treatment seems to be 
during th% months of December, January, February and March, 
for early chicks suffer from lack of sunshine under the best 
conditions and the small amount of sunshine that they do receive 
during the winter usually passes through ordinary lead or soda 
glass which only too effectively screens off the valuable ultra- 
violet rays of the sun. 

There are three princij)al methods of providing ultra-violet 
rays : (1) By using a special window glass which is tj-ansparent 



1 beinj; tr(*ule<i with Ultra A’iolc^t JU^ys. 

to ultra-violet rays ; (2) by means of a vatuium or gas-filled 

lamp made of irlavss, which permits of the passage of the rays ; 
(3) by means of a mercury- v a] )our lam]) (Kig. 114-) ; and (4) 
by means of au aiw? lamp, using suitable earbons. (Fig- 115). 
When tungsten rods or* coreKl carbons arc emj>l^oyed in the arc 
lamps, a much greater effieiency in ultra-violet light production 
is obtained. It is now generally believed that black-feathered 
poultry do not gain much benefit from mercury arc lamps, 
which seems to point to the fact that both fur and feathers 
serve more or less as a screen. 
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A special application is now being cleveloiicd for the treat- 
ment of cthickens, in which an arc lamp is fixed in ar portable 
frame (somewhat like a small clothes-horse on its side) which 
can be conveniently placed over the feeding place of the chickens. 
A 2>iece of s])ecial glass which is traiij^parent to ultra- violet raya 
is interposed Ix^tween th(‘ lamp and the chickens so as to stop 
any .S])ajks from the arc falling^ on thcjn. (l^ig. llfi). Before 
the feeding takt‘S j>iace, the food is spread thinly over a board 
and is itself artificially snn-treated for ten mimites or so. 



The treatment is given for ahont t('n’ miiKites during the 
morning and again dmiiig the evening. The e,>es of the atten- 
dant, who is giving the treatment, must alwa;\s be j)rotected 
by means of coloured glasses, as the radiations arc of grave 
danger to the eyesight. Too much care cannot be exercised 
in this res])ect, as these rays are neither seen nor immediately 
felt by the huittan eye, ahd it is some hours after ex])osurc before 


ELECTKO-FARMING 


293 


any pain is felt. Fortunately, the eyes of livestock are well 
protected .• 

Excellent results have been obtained with chickens by 
using a specially manufactured glass, Avhicli contains a high 
proportion of quartz and •is transparent to the vital rays of 
the sun, in the windows of the chicken house. Chickens reared 
under this special glass grow q^iicker and are more active and 
develop into finer birds than those not so treated. This is only 



1 IT). — Arc Lamp. 


to be ex])ectcd,«as nil the Spring the cold air and wind keep the 
chicks indoors for some time after they are boj*n, thus depriv- 
ing them of the vital part of the sun’s rays. When there is no 
sun, the artificial sunlight arc* lamp should be used. 

Those who wish to use ultra-violet liglit lamps, should wire 
their houses with 7/. 004 wire, to carry the lieavier current re- 
quired. A 15-ami)ere jdug in a central position will usually 
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suffice. A controlling resistance will be required. This can 
generally be made a fixture to the wall, as then onlyrthe lamp '! 
itself has to be moved about. An electric j^ressure of at least 
fifty volts is required. Where the voltage is one hundred or 
over, two arc lamps can be economically operated in series. 



Fig. 116. — Treating cliiekeris with TJltra -"triolet Rays. 

* 

Electro-Culture. 

This method is even more in the exj)erinieiital stage than 
riltra- violet light. The current consumed is so little that it 
can be taken off any existing lamp socket. The distribution 
of the electric* charge i^ best attained by means of very fine 
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aeroplane steel wire (No. 29 gauge) stretched through the brooder 
house. This wire can be slung on a chain of four wireless typo 
butterfly insulators. A fair-sized opening should be made 
where this wire has to pass through a wall. Even though the 
houses are some distance hpart there is no ap])rociab]c loss in 
transmitting, since the pressure is high. 

The electrical charge can be^obtaiiicd from a ten inch medical 
or X-Ray coil, or alternatively, if an alternating current supply 
is available, from a transformer and a mechanical synchronous 
electric motor rectifier of the Newton- Wright ty])e. • Large 
wireless valves can also be used for rectification. Jlectification 
is nece^ssary because only uni-directional c.urn^nt is of any use, 
i.e., the overhead wires must carry a positive charge. Another 
method, which is extnunely simple, is to ('ni])lo>' a larg(' number 
of wdrcless high tension batteries, in series. These must he 
^supported on insulators. This treatnumt is given *for an hour 
or so each day, and seems to brac-(‘ up and stimulate the birds. 
It seems ]) 4 *obal)l(‘ that any good effe(;ts are due railier to tlio 
])urifieation of the air in the l)rood(T or laying house res])e(*tiveJy, 
by the j)roduction of ozone in the eoroiia discharge. It is also 
quite possible that it assists the birds to relieve thems('lves of 
any insect ])esls ; for in the pres(*nee of a high tension discharge, 
it has f)cen discovered that the antenna% limbs, etc., of small 
insects become ^iK*ontrollai)le. 

A considerable amount of e\]>(Timental work has been 
carried out in connec^tion witli the applications of ozone and 
high tension cairrents to incubators. It is claimed that the 
breaking through the shells of a hatch is more uniform, i.e., 
all the chicks come out Authiii ten hours, as com])ared with the 
normal range of 20-40 hours. 

Young chicks under electric treatment, applit^d for a few^ 
hours daily, aMaifi’the size of three months old birds in under 
nine weeks. Five wxH'ks’ old chicks are. stated io be ready for 
market as 'petit as compared with tlu^ normal three 

months. 

Lighting of Poultry Houses. 

The use of electric light to increase egg production during 
the wuriter months, has proved to be one of the most important 
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organised poultry farm, a poultrymaii can attend to 1,500 birds 
and even during the incubating and chick rearing season, deal 
with some 3,500 chicks in addition, with a little extra help. 

Careful investigation seems to indicate that the liens do 
not lay more eggs per annum, but by the use of artificial lighting, 
and the consequent longer hours of exercise and feeding, it has 
been conclusively sliown that more eggs ai e^ produced at the 
time they are most in demand. (Fig. 117). After all, the 
ilomestic? fowl originated from the tropics, where the winter 
days arc longer, and accordingly the digestive and reproductive 
organs are })r<3bably l)etter suited to tropical hours, and those 
of spring-time. I'lns certainly ap])ears to be the case, as the 
general health of the l)irds is not affecbul in any w ay. (Fig. 118). 
ITiilikc many birds and animals, the c'yes of hens are not so 
(H^nstituted as to enable tliem to ])ro]>erly in the dark, hence 
the necessitV for artificial light, if the hours of exercise and 
feeding are to ht‘ ])rolonge(l during an English winter. 

Intensity of Light. c 

The lighting of |)oiiltry liouses sliould not ])e carried out 
in any hapliazard way. ('ar(‘ and attention must be given to 
a number of facdors w'hic*h are esstmtial if the maximum efficiency 
is to be obtained. Tlie main factors are : — 

(1) The intensity of the light on the floor should be about 

a foot eandle. , 

(2) l"lie lam])s slumld be hung about six fc‘et from the 
floor, so as to allow sufficient head room for the attendant and 
be out of reacli of the birds. 

(3) All the rays of light sliould be reflected on to the 
feeding space. 

(4) Some of the direct rays should strike the perches. 

(5) There should be the least possible (‘Xjienditure of 

electrical energy. , * " • 

As the ligl^t from an ordinary electric lam]) shines out in 
all directions, it is advisable to place a suitable reflector over 
it, an<J so reflect the light in the most useful direction. The 
author has teste<l a number of different types of reflectors, and 
has found tha*t the following are suitable for poultry house 
work : — (a) The vitreous enamelled^ dispersive type, (b) the 
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vitreous enamelled extensive or bowl tyx>e, (c) the glass industrial 
prismatic type, and (d) the plain conical sheet metal reflector, 
with an aTuminium paint reflecting surface. (This type can be 
home-made by the x)oultry man at a small cost). 

While (<i) is much cheaper than the other tVirec, the author 
has found that tfie gain in the initial cost is very soon lost in 
the lower efficiency of the reflector, (b) is preferred by the 
author. (Fig. 11^)). 

Number of Lamps required in each House. 

The following formula should enable any poultryman to 
calculate the number of light ])oints and the tyj)e of lam]» needed 
to meet his ])articular requirements. 

Area of floor :< 1.5 

No. of lam])s required — 

X X Lumens of lamp. 

X is what is known as the co-efficient of utiliziftiofi and varies 
according to the type of reflector used and other illumination 
factors, "^riible gives the value of x for j)ra(tically all 

conditions of poultry Jioust* lighting, vhilc Table XXVJl. gives 
the lumens ])er lainj) for the different sizes and tyj>es of ]aTnj)S. 

Tahlk XXVI. 


FJoor Area 


Values of A' when usin^ 


(«) (i>) : {<•) w 

V'ltreous Vitreous ; 

euamolkut enajnelU‘(l fndiistrialLnainellM 
J>isper.siv<'|r)oej> howl Prisuiatie .stoolsha<h‘ 
tyjje i typo | lUdk^etor Reflf^etor 
Iterteeior Refleetor i 



When area of floor is : • 
between 80 — 130 sq.ft. 
„ 140— 200 ,, 

„ 210— 340 „ 

,, 350 — 600 „ 

600—2100 


.42 < 

.37 ! 

^ .39 

.32 

.45 

.41 1 

.43 

.36 

^49 

.44 

.47 

, .39 

.52 i 

.46 

.50 

.42 

.57 1 

.50 

".56 

.48 
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Table XXVH. 


I.lTMElSrS PER LAMP FOR DIFFERENT SIZES AND TYPES OF LAMPS. 



! 

CiaB-filled laiiii>s 

\''acuuiu lairq^s 

Watt s 

1 

Caiatic- 

])0\vor 

(llowii) 

1 *' 

1 Linin'iis 

1 

C'nntllo- 

])owc*r 

(Horizontal) , 

Lumens 

25— 30 

30 

Volts : ! 

37 

« 



•0 ) 


()0 

700 

— , 

— 

100—130 

30 

Voi/rs : 1 

31 

275 

2S 

275 

40 


45 

1 410 

3S 

370 

()0 

1 

i 

700 

57 

51)0 

200— 2()0 
30 

Volts : ! 

• « ' 

1 

i 

* 

25 

240 

40 


35 

305 

35 

340 

()0 

1 

()0 

575 

1 55 , 

547 


From th(' fore'^oin^ ta])le it will be observa'd that there is 
very little* gain in efHeieiu*y of the gas-lillod lanif) o\ or the vacuum, 
in the sizes usually used for poultry lighting ])ur])oses, while 
the latter is ehea]>er. As the type of filament (‘m])loved in the 
vacuimi ])attern lainji is more suitable for retleetion, this ty])e 
of lam]) is to be ])referre<l. It should be frosteil at the bottom 
end, as this slightly improves the distribution. 

A practical recommendation for most poultry laying houses 
is a 40- watt \acuuni lain]) ])lacetl in an extensive ])atterii re- 
flector. 'The lieight. of this lamp to be* six f(*t*t abo\’e the ground 
and ]>laeed ten feet away from the next lamp. Each lamp 
to be placed in a c*entral ])osition of each bay of the laying houses. 

The following exam])le illustrates how the tables can be 
used to obtain more ])recise data. 8u<|)j)ose a poultry house 
14 ft. wide by -I^O ft. long is to be lighted. The first stej) is to 
determine the area of the floor : — 

c 14 X 40 " oOO sq. ft. 

Referring t o Table XX VT. the value of .rwhen the floor area 
is 500 ft. and a dis])ersive type reflector is used — 0.52. Assum- 
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ing the voltage of su})ply to be 110 visits and 40- watt vacuum 
lami)s are to be used, the number of lumens (from Table XXVTI.) 
=370. Ntnv with tliese facts tlie niunber of light points re- 
quired can be determined : — 

560 X 1.5 ^ , .... 

4 Jfmit ])oiiit.s in a house of this size. 

370 X .52 



Fig. 119. — light in tlie |>(nillry liousr* at (li’cator Kelcourt. 

(Nott) the Vitreous ^jianioll<‘<l <I<m*|) howl type of n'lloclor. 

Determining the position of these lamps is comparatively 
simple. What has to lie borne in mind is that as far as possible 
there should be an equal intensity of light over tlie f eeding 
space. With the cxam]de used above, it would mean tliat the 
first lamp should be ])laced 5 ft. from the end of ^the house and 


302 


ELECTRO-FARMlNa 


# 

the remaining lamps spaced 10 ft. apart. It should also be 
noted that as the most important j>art of the floor is the scratch.- 
ing and feeding area and the least important is under fhe perches 
and nesting boxes, one half the width of the spac^e covered by 
the j)erches and the boxes should be deducted when determining 
the centre point for fixing the light. A piece of flat board 
should be hung from tlie ceiling, so as to control the light on the 
perches. These should only jiir.t come within the bright light. 
Control of Lights. 

T}ie method of controlling the lights is an important one. 
When the work is flone by means of ordinary hand switches, 
it entails a considerable amount *of inconvenience and if done 
‘by a worker, the cost is, of necessity high, owing to the early 
and late liours at which the lights must be attended to. Fur- 
ther, the regularity, whidi is all importarit matter in the 
treatment of birds, should not ])e dependent on the time kcejjing 
of any WT)rkTnan. Many birds fall into an early moult if sub^^”" 
jected to irregular liours of lighting. Howevei*, this need not 
cause any worry, as there are a number of differed methods 
in use for ovcTcoming th(^ dittieulty. 'Jhey range from chea]) 
alarum clocks, improvised to suit the ret|uirements, which require 
winding and setting every day, to the most elaborate automatic, 
self-w inding electric tinu^ sw itches, with astronomical attachments, 
to emablc them to follow' the varying times of sunrise and sunset. 

Before- selecting an automatic clock, thf programme of 
light must be de(‘id(‘d upon. This will depend partly upon 
the ])()ultry farmer’s convenience' and arrangement ; ])artly on 
the breed of the' birds : also })artly on local circumstances^ such 
as the }>r('vaJ(*nce or otherwise of ruts and the charges for elec- 
tricity (i.e., there may he a higher charge for evening lighting). 

The methods in use may be classified as follows : — 

(a) evening light from sunset. 

(b) morning lighting to sunrise. ^ 

(c) a combination of the above. 

(d) the late evening feed of one to tw'o hours ( usually betw’^een 
8 and 10 p.m.) often referred to as the ‘'evening lunch.” 

(e) the combination of the late e\"ening feed with morning 
lighting. 
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Table XXVIII. 

Periods during which light is required when the morning 
or evening system is adopted : — 


From 

To 

• 

iMorning Lighting 
j Lights turned on 

i hours before dawn 

' 

Evening Lighting 
Lights turned off 
hours after dusk 

October 

• 

1 — October 

15 

' ] 

1 

October 

15 — October 

31 

li 

11 

October 

31 — November 

15 


1 

November 

15 — November 30 

2 

! 2 

December 

1 — December 

15 

: n 

i 2J 

December 

1 .5 — December 

30 

3 

1 3 

January 

15 — .lanuary 

30 

3 

3 

January 

30 — February 

14 » 

2i 


,,^i^February 

Tilarch 

14 — February 

28 

2 

. . 

• 2 

1 — March 

15 

n 

i 4 

March 

15 — March 

30 

1 

1 1 


Table XXIX. 

Periods during which electric light is required in tJjc South 
of England on the basis of providing ten hours' sleep for the 
birds, viz., 8.0 p.m. to 6.0 a.m., when the morning and even- 
ing lighting syfdein is carried out- : — 


Length of 
night 

From 

To 


Average 
time of 
sunrise 

a.iri. 

; Average 
tune of 
sunset 

p.m. 

No. of 
hours of 
light 
required 
per day 

12 hours 

Oct. 

1 

Oct, 

15 

6.0 

6.0 

2 

13i 

Ocjb. 

.15 

Nov. 

1 

6.30 

5.0 

3| 

15 

Nov. 

1 

^ Dec. 

1 

; 7.30 

; 4.30 

5 

16 

Dec. 

1 

Jan. 

15 

8.0 

i 4*0 

6 

16 

Jan. 

15 

' Feb. 

.15 

j 8.16 

i 4.15 ' 

6 

14 .. 

Feb. 

15 

Mar. 

1 

^ 7.30 

1 5.0 

'4 

i3i „ 

Mar. 

1 

; Mar. 

15 

j 7.0 

1 6.15 ! 

3i 

12i „ 

1 Mar. 

15 

1 Apr. 

1 

1 6.30 

I 6.4 
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In all cases, experience has proved that it is better to switch 
on a dim light in hours of darkness, before turning the light 
full on, and also to dim the lights before switching on (so as to 
allow the birds time to get on their perches). 

The author employs a clock wlych winds itself electrically 
(Fig. 120) ; by means of an astronomical attachment, it auto- 
matically follows the later or earlier setting of the sun and 
then switches on. At 8 p.m. it smutches in a dithmer for a quarter 



Fig. 120. — An electrically operated clock at Greater Folcourt Poultry 
Farm. It does everything but talk, it winds itself, turns on and off when 
required, dims when needed (to imitate the setting or rising sun). 
Follows the changing time of rising or setting of the sun. 

of an hour and then cuts off the light' altogether. At 6 a.m., 
having given the birds ten hours rest it switches on a dim light 
for a quarter of an hour and full light at 6.15 a.m. At sunrise 
the automatic astronomical feature again follows the sunrise 
time and switches off. It is very nice to have such complete 
control, and it is well worth while with a large number of birds. 
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However, with smaller flocks, a less elaborate clock device will 
suffice. In fact, for morning and evening lighting, coupled with 
automatic Slimming, the author has employed two simple auto- 
matic clock switches to attain the result of a more comprehensive 
and expensive single unit. ^ 

Many ingenious poultrymen have connected an ordinary 
alarum clock with a tumbler switch for turning on the lights, 
while others use tVo clocks, onofor switching on and the other 
for switching off. Where these are used care must be taken 
to see that they are wound and set every day. New clocks of 
this type will probably be required each season. For very 
large jioultry farms the more expensive time switches are the 
most satisfactory arrangement, because if the cost is averaged* 
over the number of birds generally kept, it will be found to 
be less than half the price of ^n egg j)er bird during the winter 
months. 

There are at least four different systems of wiring in use 
for dimming the lights. The first is known as the variable 
resistance- ufiit system and consists of a variable* resistance unit 
in series with an ordinary circuit, as shown in Fig. 12L which 
when moved over from A to B gradually dims the light, thereby 
giving an artificial dusk. After a few minutes tlu^ light is turned 
out by means of a switch. 

This method in its usual form has one great disadvantage, 
and that is that once the resistance has }>ecn constructed for 
a certain number of lights, any re-arrangement of lights calls 
for a change in the resistance unit. However, tappings can be 
provided at one end of the coil for extra resistance in antici- 
pation of extensions. 

The second system (Fig. 122) is practically the same as 
the first, except that a fixed resistance is employed, which is 
short-circuited when the lights are required to be full on. Here 
again tappings sfiould bo provided to allow for future extensions 
of the lights. • 

The third way (Fig. 123) is the series-parallel system. This 
consists of a single series-parallel switch and three wires running 
the length of the house. The lamps are connected to the first 
and second, and second and third wire alternately as shown 
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in diagram. In this way it becomes possible to dim the lights 
in two stages, as, by the aid of the switch, the t^ banks of 
lamps may be put either in series or in parallel. The first posi- 
tion of the switch turns on the two banks in series, causing the 
light to become so dim that the birds return to their perches, 
and the last position turns out the light completely. 

A fourth method, known as the two-circuit system (Fig. 124), 
is sometimes used and consists bf three wires running the length 
of the house, which provide the two circuits. Across the one 
circuit, lamps of about 40-watt8 are fitted, while across the 
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Lamps 
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Fig. 121. — ^Variable Resistance System. 
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Fig. 122. — Fixed Kosistarice S 3 ^stem. 


•f 


Double Pole 
Switch 


\ 


Senes Parallel 
Switch 



Lamps 


Fig. 123. — Series parallel System. 


other, lamps of about 15-watts are arranged. During feeding 
time, only the 40- watt lamps are turned on. When the flim 
light is required the 15-watt lamps are turned on and the 40-watt 
lamps are switched off. These small lamps are left on until all the 
’birds have returned to their perches and arq then switched off. 

Automatic switclies may be used* on all these systems of 
dimming. 

Still another way of controlling the lights is where an 
automatic electric lighting set is employed for laying-house 
lighting only. The time switch controls the hours of lighting, 
and the generating set automatically shuts down when the switch 
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turns off the light, and starts automatical!}^ in the morning 
when the lights are switched on. 

Where the supply is alternating current a choke-transformer 
may be employed, as still another method to those outlined 
above. • 

While gradual dimming is still carried out on a number 
of farms, the author suggests that it might well be dispensed 
with as the advantages gained do not justify the expense on 
the gradual dimming arrangements. 

One poultry farm in England already uses 45 kilowatts of 
electric energy for lighting and this is shortly to be doubled, 

Wiring of Poultry Houses. 

There are in use four main methods of fixing wires (1) 
by threading them into enamelled steel tubes, (2) by placing 
them in wood casing, (3) by lastening them at^int^irvals with 


double Pole 
Switch 


Switch Lamps 



i.A. L 

.r 

^ 


Switch 


Fig. 124. — ^^rwo-circuit Wystoin. 


clips or cleats, and (4) by use of bare overhead distributors 
over the houses, with insulated leads into the houses at each 
lighting point. \k^hile all the methods have their advan- 
tages under certain conditions, there is no doubt that the third 
is by far the cheapest and best for poultry house lighting 
and for this reason reference will only be made to this method 
There are two general classes of cable used with this method. 
(1) ordinary vulcanised rubber cable (V.I.R.), and (2) cable, 
consisting of copper conductors insulated with pure vulcanised 
rubber over which either (a) a tough rubber compound is placed 
or (b) sheathed with a lead composition, or a nietal covering. 
With the first class the cable is mounted on porcelain cleats 
or insulators, whereas the second can be clipped on any board 
or beam. This second class (a) has proved itself of great 
value for poultry work, as the insulation will withstand the 
action of oil, ammonia, acid and oth6r corrosive influences. 
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It is waterproof, very flexible and feasy to install, and though 
its initial cost is higher than the ordinary vulcanised cable, 
it will be found a better investment owing to its low erection 
cost, longer life and freedom from faults. The size of wire 
recommended for the internal wiring of poultry houses is twin 
3/.029. Poultry house wiring is a simple job that can be tackled 
by any handy man. In fact, a^set of components has recently 
appeared on the market with that end in view. It is known 
as the Selfix Outfit. With it, any poultryman can complete 
an electric installation which will meet the requirements of any 
fire insurance office and of the local electricity supply under- 
flaking. All the necessary cable and accessories are provided, 
and no soldering has to be done. With the aid of the instruction 
book supplied with the outfit, the work becomes a simple one- 
man task, for ^any person of average intelligence. 

Wiring Fittings. 

While any standard accessories may be employed, the 
most suitable ceiling roses are those of the detaohaftle pattern. 
For one thing, the main wires need not be cut and for 
another the wiring of the lamp holder to the ceiling rose 
can be done on the ground, instead of with aching arms over 
the head. An alternative is the universal all-composition type 
of combination ceiling rose. The fuses or safety devices should 
also be of the porcelain detachable type. 

Overhead Distribution : 

As poultry houses are usually situated some distance apart, 
the cheapest and most convenient way is to distribute the elec- 
tricity by means of overhead wires. Where the voltage is 100 
or over, considerable economy can bo effected by employing 
galvanised, steel fencing wire of or J inch diameter. This 
wire can be mounted on old telephone insulators. It should 
be strained in position in the usual manner adopted for erecting 
wire fences. Any sort of poles that will keep the wires twelve 
feet a^^ove the ground or six feet above the buildings will serve. 
The two wires should be kept not less than sixteen inches apart. 
To the tops of the poles and over the current conveying wires 
€tn insulated galvanised steel wire shopld be attached, to protect 
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the lines from lightning. On each pole, another galvanised wire 
should be^stapled lengthwise, leaving six inches to project at 
the top and a couple of feet at the ground end. The bottom 
of these posts should be tarred. 
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CHAPTER XVIL 


ELECTRICITY ON THE DAIRY* FARM. 

Decimal Class. 637E 

Table XXX. 

TABLE OF USES OF ELECTRICITY ON THE HAIRY FARM. 
Electric lighting. 

Ultra-Violet Light treatment. 

Clippers and 'brush groomers. 

Vacuum cleaner groomers. 

Branders for marking cattle. 

Fans for driving off flics in the cow-house. 

Vacuum pumps or exhaust fans for withdrawing flies. 

Pumping of water. 

Milking machines. 

Milk cooling and circulating pumps. 

Milk bottle cleaners. 

Milk bottle filling and capping machines. 

Refrigerators. 

Ice breakers. 

Milk and cream separators. 

Milk clarifiers or centrifuges. 

Sterilization of milk by : — 

(a) Electrolytic bath. 

(b) High Tension Discharge. 

(c) Ultra- Vjolet Rays. 

Milk and cream pasteurizers. 

Butter churns. 

t 

Butter workers. 

Butter cutting and printing machines. 

Butter tampers*. 
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Table* XXX (contd). 

Cheese curd breakers and curd grinders. 

Casein grinders. 

Milk chum transporters. 

Milk churn elevators. 

Electric water heaters and food warmers. 

Milk shakers. 

Centrifugal fat testers. 

Heating of incubators for testing bacterial content of milk, etc. 

Electric light. 

It is the usual experience of electricity supply authorities^ 
that as soon as electricity is available in an agricultural district, 
the first use that is made of it is to light the byres. In many 
cases these buildings are lighted before the farm house and the 
^ason for this is that it is a profitable investment. The author, 
on his o^vn farm at East Grinstead, though the light was in- 
stalled chi^y to avoid fire risk, has found that the installation 
of electric light in the cow byres has practically stopped the 
milk loss through accid<^ntal spillage and the value of the milk 
saved is more than the cost of the cuiTcnt used. 

An interesting experiment was conducted by the Agricul- 
tural Engineering Department of Wisconsin University to 
determine the iJifftirence in time taken to work wdth oil lamps 
and electric light. The time taken by a working farm foreman, 
who was accustomed to work both with electric light and oil 
lamps, for the feeding of livestock was as follows : — 


Operation. 

Minutes to carry out operation. 

• • • 

Oil Lamp. 

Electric Light. 

• 

Stabling cows . . . . * 

4 

3 

Cleaning mangers 

9.50 

7 

Weighing and feeding grain . *. 

31.75 


Feeding silage and hay 

39.25 

33 

» 

84*50 

* 65 
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It will be seen that 29.5 minul;ps were saved in less than 
an hour and a half, the percentage being 34.9. ^Vhile this 
experiment may have been somewhat crude, it does demonstrate 
that good lighting means a saving of at least half an hour a day 
(or say one-third the time usually occupied) in the feeding of 
livestock. 

The use of electric light as the only illumin^nt, adds greatly 
to the safety and convenience of work, as in the winter it is 
necessary to work in the byres, both before sunrise and after 
sunset.* The unsafe oil lamp is both dangerous and unsatis- 
factory owing to its limited range of light and the ever-present 
danger of fire. The farmer cannot afford to take any fire risks, 
owing to the distance of the average farm from the nearest fire 
station. A farm fire, caused by the upsetting of a paraffin lamp, 

often means the total loss of stol^k and buildings 

• « 

Ultra-Violet Light Treatment. 

Experiments in connection with the effect of ultra-violet 
rays upon the health and growth of farm animals, have been 
carried on for a number of years and satisfactory results have 
been obtained. During the last few years, the Rowett Research 
Institute of Aberdeen University, have conducted a considerable 
amount of research work in this direction. They found that 
irradiation exerts its maximum effect on growing animals, when 
the retention of the minerals is low, owing to badly balanced 
rations. 

It is generally realised that a cow in full milk draws upon 
the calcium store of her own skeleton, and in the case of a heavy 
milking cow the effect of the continuous loss may prove serious. 
The Rowett Institute conducted their experiments with lactating 
goats and found that by treating these animals with ultra-violet 
rays, the loss of calcium and phosphorus from. the body was 
decreased and in some cases even converted a loss into a gain. 
It is suggested t£at this is brought about by an increase in the 
absorption of these substances from the intestine. As a result 
of further experimental work on cows, it is suggested that the 
prevention of loss of calcium and phosphorous from the body 
during lactation period wNtild increase the period of maximum 
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yield and safeguard the health of the milking cow. Fig. 125 
shows the Hanovia Quartz Lamp for livestock radiation. For 
other suitable types of Ultra-Violet Lamps see pp. 319-329. 

There can be no doubt that the ultra-violet ray treatment 
during winter months will .prove a practical and profitable pro- 
cedure. It is already in regular use on race-horses. 

Clippers and Groomers. 

Clijjped cows have a better appearance and are more com- 
fortable than undipped ones. Clipping machines consist of a 



Fig, 125. — Hanovia Quartz Lamp for livostof k radiation. 

suspended electric motor with an enclosed flexible shaft and a 
clipping head, in whicli the cutter moves to and fro on some- 
what similar lines to the cutters in hand shears. (Fig. 126). 
The only manual .work required is to push the eliy^ping head 
against the fall of the hair, when the latter is quickly removed. 
These clipping heads can be substituted by a grooming brush. 
The clipping of cows helps to prevent infection of the milk, as 
manure is not so liable to stick to the rumps of the clipped 
animals and they are far more easily kept clean. Another 
method of grooming cows is by the use of a vacuum groomer, 
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which has been developed in the United States. The principle of 
this raachine is similar to that of the household vacuum cleaner. 
A receiver is connected by a flexible pipe to a nozzle, of which 
there are two interchangeable types, the one fitted with a brush 
and the other with a comb. This is a very sanitary type of 



Fig. 12(). — IClectric clipping machines used on the Author’s farm. 

• • ^ 

groomer as all ^e dirt is sucked into tfie receiver, from which 
it can be removed and burned. 

Milking machines. 

For many years now, milking machines have been exten- 
sively used in America, Canada, Australia and New Zealand, 

• ^ 
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and al 30 to a small extent are being used on various farms in 
this coimtry (where they were first initiated), especially in Scot- 
land. In STcw Zealand alone there are over 16,000 farms employ- 
ing milking machines and this number is rapidly increasing, 
while in Sweden there are oyer 5,000 in use. One maker claims 
to have sold over 50,000 sets. 

The use of the electric motor to drive these milking plants 
offers another opportunity of increasing the electrical load and 
also provides the dairy with a neat, compact and silent machine. 
(Fig. 127). Many a milking machine has gone out of operjation, 
due to trouble with oil engines. 



Fig. 127. — Klectric motoi’ driving a Vacoar milking machine. 


The simplicity of the use of mechanical machines, when 
equipped with electric motors, was never better demonstrated 
than with the milking machine, for there is now an electric 
milker on the market vihich requires no installation in the byre 
other than an electric light socket. It is small, compact and 
light in weight, and can be carried about with ease. 

The pump of this small machine is operated through quiet 
running reduction gears and driven by a J h p- motor. An 
attachment plug and cord is provided with the machine and 
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all the operator has to do is to attach the plug and turn on the 
current. There are on the market about thirty different types 
of milkers, but they practically all depend on the same principle, 
viz., an intermittent suction action on the teats of the cow, 
the suction being relieved at intei^vals by what is termed a 
pulsator. This suction is designed to imitate the natural action 
of the calf. The various machines differ chiefly in the type 
of teat cup employed, whether#the double cuj), as in the Gane, 
Delaval, Vaccar, etc., or the single teat cup as in the Hinman, 
Lister, and other machines. The first named class gives a slightly 
different form of massaging effect from the latter. 

However, though the question as to which is the better is 
•still a controversial one, there are, nevertheless, very large 
numbers of machines of both types employed all the world over. 
The frequency of pulsation is ^ most important matter and 
should be abouj^ 38 pulsations per minute — about the frequency 
of the calf when suckling. These pulsations are controlled ifl 
three main ways. Two by means of a vacuum pipe for the 
whole installation, and the other by independent* pumps for 
each cow or pair of cows. These latter pumps are operated 
either by long sliding shafts or independent electric motors. 
The pulsations produced by means of the vacuum pipe are 
regulated {a) by means of “ pulsators ” attached to the milk 
bucket, and (b) by a slide valve forming a part of the main 
vacuum pump. All the methods have advafttages and dis- 
advantages of their own. The objection to the pulsators attached 
to the buckets is that they are liable to be kicked by a cow, 
or get slowed up by a cow hair getting on the working parts. 
The objection to the slide valve control is that sometimes it 
has to operate through rather a long j)i'pe line. 

Teat cups are often so constructed that the vacuum cannot 
exhaust the air from the cup as (piigl^ly or completely 
when the milk is flowing freely, as wken little or no milk is 
flowing. The hups are usually made of light, tinned metal, 
with or without indiarubber linings. An important point in 
the design is to see that they can easily be cleaned. 

Electric milkers are a paying proposition* w^hen the herd 
exceeds twelve cows arid there is no doubt that with proper 
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use much time and labour is saved and cleaner milk obtained. 
(Fig. 128). 

A test was recently carried out in California by the Cali- 
fornia Committee on the Relation of Electricity to Agriculture 
on the amount of current consumed by these machines. Herds 
of from 20 to 420 cows giving from 184 to 29 lbs. of milk per cow 
per day were studied. It was found that the power required 
varied from 0.031^ kWh to 0.l4ikWh per cow per day and the 
cost of production varied from O.lOd.to 0.5d. per hundred pounds 



Fig. 12S. — Milking by ('It'd rifity on the nuthoris farm 
at (Iroatcr Felc‘ourt. 


of milk. The average poMer cost per cow per month was 24d. 
It is interesting to note that the cost increased as the herd de- 
creased, the power cost ])er hundred pounds of milk from the 
small herd costhig *tfireg times that for the largest herd. The 
average time required for milking and the preliminary 2 >repara- 
tion of each cow^ was 11.7 minutes j>er day. 

It is sometimes stated that cowmen deliberately interfere 
with these machines when they are first introduced. But 
where this is the case it is well to look for the reason before 
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accepting such a state of affairs as inevitable. It will often 
be found that care has not been taken to interest the cowman 
in the new appliance before leaving it to him to operate, with 
the result that prejudice is aroused and the machine is looked 
upon merely as a new idea introduced^with the object of throwing 
more of the men out of work. 

Under such conditions, faults can be found with any piece 
of machinery. It cannot be tcjio strongly emphasised that the 
secret of successfully introducing these machines, is to demon- 
strate to the men that in this way the task of milking is made 
easier and the net output of the farm increased ; with 
the result, that instead of employing fewer men, more men can 
eventually be cmjjloyed at far more productive and congenial 
work. A milking machine is just like any other machine and 
the user must be taught how to use it. Only too many farmers 
think that al^ they have got to do is to buy the machine and fix it 
on to the (3ows, then arc', surprised to find that they get all sorts o2 
trouble, as the author did when he first started using these machines. 

Bottle Filling and Capping Machines. 

As the demand for cc'rtified and other clean milk is steadily 
.growing, many farmers have equipped their dairies with 
a bottle filling and capjang machine. There are a number of 
electric*ally operated machines on the market to-day which 
meet the small farmers’ requirements, as their capacity is not 
unduly large. The electric machines of this type are usually 
driven by a one horse-power electric motor which is direct 
coupled. Starting up and controlling is a very simple process, 
the work in most cases being carried out by a girl. The output 
of such a machine exceeds 1,900 pints per hour and a plant 
of this nature proves a revenue producing proposition for the 
farmer, because it reduces labour costs and speeds up produc- 
tion. The depreciation on the plant is comparatively small. 
Fig. 129 shows an automatic measuring, bottle filling and discing 
machine, capable of dealing with 3,600 bottles per hour. 

Refrigeoration. 

The temperature of milk when it leaves the cow is some- 
where about 9fi degrees Fahr. (37 degrees Cent.) and this has 




Fig. 129. — ^An electrically operated automatic measuring, bottle filling and discing machine. 
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to be reduced to at least 50 degrees Fahr. (10 degrees Cent.) 
and preferably 40 degrees Fahr. (4.5 degrees Cent.). It is not 
difficult to obtain a refrigerator of the ordinary water circulation 
capillary cooler type which will reduce, the temperature to 
round about 55 degrees Fahr. (13 /legrees Cent.). However, 
this is not low enough for the milk to suc(^essfully withstand a 
railway journey, and the conditions of f(w dairy farmers are 
such that they can afford to ignore the ill effects of transport 



Fig. iDilk cooling tanK witli cover raised. 

during the suiiiruer months. Frequently, the farmers have 
churns of milk returned to them sour, in fact, the value of the 
quantity ])cr season would often go a lorg way towards paying 
the interest ancrdepreciation on a small jiJant. Tlie ordinary type 
of commercial refrigerating plant is of course out of the question 
for the*»average farmer. This means there is a good market for 
small efficient refrigerating plants, for there are in this country over 
six million gallons of milk which need cooling daily. The farmer 
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with an electric power supply can solve his problem in a cheap 
and efiicignt manner. 

It is possible to install a refrigerating plant, the design of 
which is perfectly simple and at the same time most ingenious. 
(Fig. 130). This plant is* made up of a concrete tank, with 
three-inch thick slabs of (*ompressed cork embedded into the 
bottom and side walls. The tank should be fixed below 
the level of the ground and* be sufficiently deep to allow 
churns to stand in it with w^ater up to their nocks. It must 
of course be drained. It should be possible to enclose the whole 



Fig. 131.— El(*ctri(* milk cooling tank with covor down. 


tank by fitting for it a cover which need be of nothing more 
elaborate than ordinary match-boarding wdth slabs of com- 
pressed cork, two inches thick, betw^een the layers. (Fig. 131). 

The chilling unit ef an ordinary domestic electric refrigera- 
ing machine is fitted at one end of this tank, Below the normal 
level of the water and in case this should be injured by rough 
handling of the churns, it is as well to protect it with? strong 
bars of iron. From a commercial air cooled compressor, fixed 
at the end of the tank, two copper tub^s pass through a wooden 
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plate to the cooling coil. (FigI 132), The coil, which is of the 
usual domestic refrigerator type has proved more sj^tisfactory 
than pipes going round the tank, because it is easier to install 
and is not so liable to injury. No arrangements need be made 
for agitating the water, as it is quite sufficient for the dairyman 
to shake the cans some four or five timfes during the first hour 
after their immersion. A standard one-quarter horse-power 
electric refrigerator will cool about 50 gallons of milk to 40 
degrees Fahr. (4.5 degrees Cent.) over night. It does not take 
more than an hour to bring the milk to a temperature of about 
50 degrees Fahr. (10 degrees Cent.) and if the milk is left in the 
tank overnight the temperature will fall to 40 degrees Fahr. 
(4.5 degrees Cent.). 

Another suggest] oti for the solution of the dairy refrigerating 
I)roblem, is the installation of ijpfrigerated capillary coolers. 



It is best to arrange these iti Iwo sections, the upper part for 
ordinary water to take away the greater portion ti the heat and 
the lower part to take water nearly at the freezing point from 
the refrigerator. A slight variation of this method is to use 
two capillary coolers independently of each other, one for ordi- 
nary water ajid the other for the cooled water. In both cases 
a special water tank is required in which to place the electric 
chilling unit, and this tank must be placed above the capillary 
cooler, and large connecting pii)e8 employed., If these relative 
positions cannot be managed it will be> necessary to have a 
circulating pump*. 

Cream Separators. 

Lotv power electric motors now relieve the dairyman of 
the arduous task of turning a separator. In the average dairy 
the size of motpr requirwi to operate a separator is from one- 
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eighth to one-sixth of a horse power (Figs. 133 and 134), and 
the economical way in which it is done is demonstrated on 
the author’s farm, where over 300 gallons of milk are separated 
by one unit of electrigity, and, taking the price at 4d. per unit, 
the cost is such that no oth^ form of power can possibly compete. 

This exceptionally low cost is not the only important con- 
sideration, as a separator, if working at its maximum efficiency, 
i.e., producing the largest amomit of cream from a given quantity 
of milk, requires an absolutely steady drive, and the electric 



Fig. 133. — Croam separator drivoii by a small, port.iblo oloctric motor. 

motor is unrivalled where uniform speed is required. The 
cream separator motor can also be utilised for driving the churn ; 
manufactiu’crs ,arQ paying particular attention to these appli- 
ances and many macltines embodying these features, are now 
obtainable. The majority of these machines can be converted 
to hand drive if necessary. 

However, there are a few designed exclusively for efcctrical 
drive. In these machines the motor is cast into the separator 
column or head. The motor armatqfc runs o^ ball bearings 
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fitted into grease-tight castings. Qii the bottom end of the 
armature spindle a centrifugal clutch is fitted to, ^nd forms 
part of, the spiral gear wheel, which drives directly on to the 
spiral spur pinion fitted to the drum spindle. This centrifugal 
clutch permits of the motor running up to nearly full speed 
before commencing to drive the drum through the action of the 



Fig. 134. — Elect rii' inotorw fitted to a cream separatorand to a butter churn. 


centrifugal slippers. This provides a smooth, silent drive, free 
from the friction found in the usual spiral gear. In this way all 
starting devices are dispensed with as the motor starts on no load. 

The popularity of the electrically driven separator, in 
all dairy farming countries, is becoming more noticeable every 
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(lay, in fact, there are over ^3,000 electrically-driven separating 
machines in use in New Zealand to-day. 

MUk elailflers. 

• 

Electrically driven milk clarifiers or dirt removers can now 
be obtained from a number of manufacturers of dairy utensils, 
(Fig. 135), The centrifugal milk clarifier is a great aid in pro- 
ducing cleaner milk. It removes the solid and semi -sol id im- 



Fig. 135. — Milk clarifier. 


purities from the milk* by centrifugal force, ^fhe milk passes 
into the machine through a faucet and then into a feed cup, 
where the flow is regulated, according to the capacity of 
the machine. The milk passes down to the bottom *of the 
bowl through a regulating tube, and afterwards rises up through 
discs, where it becomes clarified. Tt th«n passes 4 ^ut through an 
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opening at the top of the bowl, fro^i whence it flows through a 
regulator and is discharged from the machine. 

Gerber Milk Centrifuge. 

These machines are to be foimd in many large dairies and are 
also used by public authorities for teeing the percentage of fat in 
milk. The practice of using them is now becoming universal as 
dairymen are realising that a tester is not only, a protection from 
prosecution but also enables them to obtain reliable information 
for use as a guide to the scientific feeding of the herd. (Fig. 136). 



Fig. 13().— Electrically driven (Berber milk Centrifuge. 

SterUUation of Milk. 

The use of electricity as a means of sterilizing milk 
has attracted a good deal of attention, because it is so suscep- 
tible to precise and accurate control. . Experiments, con- 
ducted at the Liverpool University, 'showed that milk could 
be sterilized electrically without detriment to its nutritive 
value, and it was also found that when electricity was the steri- 
lizing fe/gent it destroyed Bacillus coli with its allies and tubercle 
bacilli. Experiments have also been carried out to test the 
effect of rapi(^y alternating current at high potential, and it 
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was found that by this means disea&e producing and milk souring 
bacteria were practically destroyed in the raw product. 

A number of similar experiments were recently carried out 
in Holland and in Australia and it was found that the most 
successful method was to subject the milk to short exposiures 
of high tension current. ‘ All coli and allied bacilli were des- 
troyed and there was a great decrease in the number of all other 
bacteria. The milk was not uncJlily heated and it was possible 
to sterilize a continuous stream. Other experiments show that 



Fig. 137. — An olcctrLc motor driving orcam sc'parator and ohurn. 

bacteria in milk are stimulated bv the passage of low electric 
currents. ^ , . 

Another method is ^to expose the milk to ultra-violet rays 
while passing over a capillary cooler, l^hese rays undoubtedly 
produce ozone. The author has experimented with the dis- 
charge of ozonized. air over the surface of the usual capillary 
cooler. Ozone, of course, has a deleterious action on the milk if 
it actually passes through it. 
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It is clear that more shoifld be^known about the result that 
it is desired to attain in the process of partial or complete steri- 
lization of milk. Bacteriologists seem to be of the opinion 
that it is preferable that the milk shouUl not be quite sterile, 
while the aims of commercial interests are to obtain milk that 
will not turn sour too quickly. There* is no doubt that a great 
improvement could be brought about by greater cleanliness in 
the milking of the cows and tl*en chilling the*milk immediately 



Fig. 138 . -Butt<’r cliiirn (irivei» by a small portable motor with 
multiple reduction gear. 

• f 

after milking. This can be accomplished by the employment 
of a capillary cooler of which the lower portion is cooled by the 
circulation of brine from an electrically operated refrigerating 
machine. The modern '‘holding” system of pasteurisation is 
now being largely employed in town dairies. ' This is another 
new field for tjie eleetriq motor. 
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Butter Churns. 

Where an electric motor is em})loye(l to drive a cream 
separator, it can also be used to drive a churn. All that is 
necessary with most cream separators is to fit a longer second 
speed shaft fittest witli a pulh'v. These shafts and pulleys are 
easily obtainable from •cream separator manufacturers. For 
driving the churn a belt should be taken from thi^ small pulley 
on the separator to a largt^ ])«ll(‘v of about eighteen inches 
diameter, which is mounted on the churn spindle iTi place of the 



Fig. 130. — TraiiHiiiissioii of (’ream Separator and i^uttei* eliiirii. 


crank handle. (Fig. 137). One of the advantages of driving 
a churn via a s(*j)arator, is tliat not only is the separator in use 
practically every day, •but it also ])rovid(‘s a counter shaft, 
since the speed of the average electric motor Ys too great to 
connect it directly to a churn. Where the churn in use is a 
modern one, a one-eighth horse i)ower electric motor is ifsually 
quite sufficient. - The amount of electri(;ity consumed is very 
low ; in fact, it is hardly more than that required to light a 
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60 candle-power lamp. Smctll portable motors with multiple 
reduction gear can be usefully employed for driving a chum 
as shown in Fig. 138. Fig. 139 shows an overhead transmission 
drive of cream separator and butter cjiurn. 

Batter cutting and wrapping machi&es. 

It has long been recognised that an efficient machine to 
cut, mould and wrap butter, would prove a tremendous advan- 
tage in the dairy. Until quite recently there had not been a 
machine capable of performing this work satisfactorily. How- 



Fig. 140. — dielectrically driven cream separator and electric bottle sealer. 

ever, tests have shown that a number of machines now marketed 
for this purpose fulfil practically every requirement. Such a 
machine is coupled direct with two electric motors, one for 
cutting and moulding, having a two horse-power motor, while 
the one for wrapping needs only a one horse-power motor. The 
labour saving value of such a machine is enormous, as it can, 
mould and wrap 4,000 |-lb. or 1-lb. pats or rolls of butter in 
one hour. From an hygienic point of view, these machines 
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are very satisfactory, for throughout the process the butter is 
untouched by hand. 

For the cleaning of milk churns, pails, milking machines 
and other dairy utensils, electric water heaters are very handy. 
A useful type is the immereion heater, which can bo regulated 
to a certain temperature so that the current is automatically 
cut oflf as soon as the water arrives at the required temperature. 



Fig. 141. — Small* oloctrir motor driving brush for bottle cleaning. 


Where Certifieef or (^rade ‘‘ A ” milk is produced an electric 
bottle sealing device should be used for scaling the caps of milk 
bottles. These small appliances are simple to operate and carry 
out the work in a minimum of time. (Fig. 140). . 

A small electric motor for driving the bottle cleaning brush 
is also a great time saver. (Fig. 141).^ 
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Tabljj XXXI. 

SIZES OE MOTORS REQUIRED ON THE DAIRY FARM. 


Drive. 


Size of Motor in horse power. 
Usual. Smallest. Largest. 


Clipper and groomer . . I ' 

i 

1 

8 

1 

Vacuum cleaner groomer . . : 

i 

i 

3 

Watef pump 

2 

1 

5 

Milking machine . . . . ' 

2 

0 

5 

Milk bottle filling machinti . . ' 

1 

1 

5 

Milk bottle caj)ping machine 

1 

1 (i 

1 

Refrigerating machines 

3 

1 

.'i 

25 

Milk and cream separaber . . 

. 1 

< h 

1 

1 o 

H 

Milk clarified or‘’(;entrifnge . . 

5 

3 

10 

Butter churn . . 

1 

4 

1 

8 

i 5 ' 

Butter worker 

1 

‘‘ 1 

1 ' 2 

H £ ^ 

Cheese curd brealoT 

1 


1 

Milk churn transporter 

1 ; 

1 

1 

Milk (ihurn elevator 


1 

1 

Milk bottler cleaner . . 

1 

« 

1 • 

« 

1 

Centrifugal milk fat tester . . | 

1 

H 

■A 

i 
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CHAPTER XVI II. 




l).*c*hnal Class. j(>38. IE 

A uuinber of int^avsliiio; (‘X|>iai»nf‘nts liavo (‘onrlucted 

l)y the author, to detormiiK^ llie otfei-t of eleetric liglii and Junit 
on bees. The desirahilit y of the blossoms in an orchard 

more cHunpletely fertiliyxxl, es])e(*ial]y the early ones, and also of 
obtaining an inereasc'd return oj honey, led to llu‘ ])r(‘liminarv tests. 

All th<‘ hives are placed in one buiUTnii; insjeael of follow inj^ 
tfie usual custom of havinc^ them out of (loors. Auxiliary 
openings, or hack (uit ranees an<i alighting hoaids an* provided 
at the si(I<' of the hiv(‘ winch fae<*s inwards. Tin* first jm[)o?tant 
.step for gedting a strong hive ready for tin* aj)pl(* blossom s(‘ason, 
is to in(hict‘ the r|ueen bee to coinnuMiec* la\’ing. This is done 
by providing food and (‘onditions which will l(*ad lier to beli(*v(‘ 
that the warm, settled weather has arrived. 

During the late spj'ing, a sanc(*r containing a sugar s\rup 
.solution, with tvhieh is mixed a litth* vinegar and salt to simulate 
brood homy, is placed at the back ('utranc<* to tiu' liive. Al^o 
another vessel is jiut down w hich contains art ificial [)olIcn . Thci e 
arc small floats inside* the* sanc(‘rs on which the iWs revst so that 
they may not drown while* sij)ping the sugar ss rup. 'The* edeadrie^ 
lam])s in tlie aythor’s beehouse* are e‘ov(M(‘d witli penvelain 
enainelleal extensive type retleetors, with a shtad <d dill using 
glass aeaaiss the (opening. Tlie glass is (*mplo\e'd to pr<’\e*nt 
the bees gedting e)ri toJ:}ie liot lamp and so hurting themselves. 
A certain nund)er wall cling to the glass anel T»th(‘i‘s will hang 
em to them, forming chains. The* light must shine* on tin* alight- 
ing board, or the bees will ne’d <*ome out. kdirtlna*, tU(i light 
must be* ]>Iace‘d abe)ve and n(*ar to tlic \e‘sse*l eotitaining tlie 
syrup. A boarel or either su]>j)e)rl must be ])re)vide*<] uudor the 
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lamp, 80 as to catch any bees tha^ fall and thus avoid killing^ 
them. Any standard heater will serve. The temperature of 
the house should be about 05 deg. Fahr. (18 deg. Cent.). (Fig. 
142). 



I'ig. 14-. — I'^loctric light uud eloctric hotting of the bee houso at 
f Greater Fcleourt. 


\Mien the hive learns of the food and warmth outside, it 
awakens to activity, the bees commence to leave the hive to 
collect honey and the queen begins to lay. In this way, thou- 
sands of beeSfare gatha^iiig honey from the apple blossom, long 
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before other bees begin to jthiiik* of venturing out. It might 
be added J^hat apple blossom honey is ])ref erred by epicures 
and is lighter in colour than heather honey. Any bee keeper 
who takes the little extra trouble involved, will find that he is 
amply repaid, both by an lincrcased stock of honey, about 17 
lbs. per hive per annum,* and an improved return of fruit from 
the orchard. After all, the artificial method simply reproduces 
natural conditions that occur ab#ut ojice in five years in such a 
climate as that of Oreat Britain. I'^von when the electric lighting 



Fiji. 1 J.*}. — An apiary or Inu' lio\iso. 

and heating of the beehouse is not carried out, it will be found 
a great a<lvanto4»e .t« house the bees in a bnilding during the 
winter* as they are kef)t warm and do not consume so much 
of their stored honey for heat j)roduciiig ])iirj)oses. (Fig. 
143). Mr. E. B. We<lmore Jias suggested the x)lacing of 
electric heaters, which would be of about one watt ca^iacity 
only, in the centre of the hive. In this way, as warmth would 
be supplied artificially, the bees avouIjJ not ne(j(l to consume 
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their stored lionc'V, to ])ro(lu(‘(‘ the lyxjuired heat. (Vmsiderably 
more stored hoii(\v would thus he retideird availably. 

At Vvotliampstead Hxjx'iinieutul Station, eareful records have 
been coinpihHl of ilu‘ interior temperature^ of beehives through- 
out the (‘Ijanging seasons. These t(^mp(‘ratur(\s Avere measured 
liy nutans of sensitive eleedrie resist anc*-e theinioineters and 
lieiK'e data is a\'ailah](‘ to estinial(‘ the nund)(‘r,of watts required 
if it Aven^ d(*eided to supply efecdric heating. 

Experiments lo (hdeianine th(‘ effect of treating l,e(s Avith 
ulti’a vioL't rays have been eondiuded in (lennany ))y Stitz & 
l>eyer. They found that iiaadiaied et)loni(‘s showed increased 
tnetaholisrn and iiu-reased eond> building. The d(‘A'elopment 
of the, brood was also hastfuad. (luartz imTcury-vaiiour lain))s* 
at one metre distaiiet‘, w(‘J(‘ us(*d. Irradiati(*n for from five to 
nine minut(‘s ga\e ineit-asid eelf^building and fifteen minutes' 
treatment liiistc^ncd (hwelojunent. 
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IJSKS Oh’ Km<X'TRI(!I'j,n’ IN THi; ilOMESTKAl). 

Bacon sliccr. 

Bed warinci'. 

IVII. 

Boiling ring. 

Boot cleaner. 

('haling dish. 

Clothes drying cabinet. 

Coflee ])ercolator. 

(V)oke|. 

( Clipboard heater. 

Curling iron. 

Dish \va.sher. 

Drink mixer. 

Kgg whisk. 

Fan. ‘ 

Flash lain]). 

Floor j'loirslier. 

Foot warmer. 

Criller. 

Hair dryer. 

Hair waver. 

Heaters. 
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Table XXXII (contd.) 

. ft 

rSBS OF ELECTRICITY IN THE HOMESTEAD (conSd.) 

Iron. 

Kitchen unit. 

Lighting. 

Night lights. 

Pil3e lighter. 

Polishing buffs. 

Potato pealer. 

Radiators. 

Refrigerator. 

Sewing machines. 

Shaving mug. 

Lea Kettle. 

1'eajKif H. 

Thermostat. 

Toaster. 

Tcmel Rail. 

Ultra- \'iolet Ray apparatus. 

Urn. 

V^aeiium cleaner. 

Vegetable steamer. 

V^ibro iriassagt^ apparatus. 

Waffles. 

Warming plates. 

Washing machine. 

Water* Heaters (cistern, geyser, immersion and tap). 
Wringer for clothes. 

The Domestic Load. 

From the point of view of llie public supply engineer, the 
farmhouse load is going to make all t^he (lifferenec between 
protit and loss on a rural line. This has already been discovered 
in South Wales, where the su(*cessful operation of electric wash- 
ing maphincs in farmliousc kitchens has been the fore-runner 
of the installation of electric light and power in the dairy, etc. 
Similar experience is reported from the United States. 
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Recent Progress. 

When labour is chea}f and plentiful, science stands still. 

In the Feudal ages it would be impossible to conceive the use 
of such a word as ” labour saving *’ or oven “ labour aiding ’’ 
foi' the simple reason thaj labour was not a commodity con- 
sidered worth sa\dng or. aiding. In tlu'se days of servant ])rob- 
lems and shortages, it is hard to grasp the mentality of those 
far back ages. To-day. housewives are eager to embrace every 
opportunity of using electricity as their servant, and the ])aHst 
fifteen months have been marked by a series of ])henonienal 
efforts all over tlie World, and in (ilreat Britain in ])a.rticular, 
to extend the field of oj)erations ()f the snp[)l\' engineer into the 
realms of domestic life. • 

These efforts have ineluded the ])r()paganda work of the 
British Klectrical Development Asvsoeiation and the Ibitish 
Electric Lamj) Maniifacturei^s' Associal ion, ^^ho^ working in 
^conjunction one with the other. ha\(‘ been stage-managing one 
of the biggest indir(‘c‘f (Mlucational advertising efforts run 

in this cofintry. Hieir \\ork, wliieh aims at the ))()]>ularisation 
of electrieity for douu'stic* purposes, has Ix'cn v\(‘ll baekcsl up 
by the E!<*ctricity Supply Antboiaties in various parts of the 
country. Xhese latter have* installed electric* cookers in ninni- 
ci])al cook(uy schools, and iiave gone a step further by making 
it possible for (*U-(^trie stov(‘s to be |)ro(*iii*al)k‘ on a hire basis 
similar to the«terms u])on which gas stovt's arc* hired. In addi- 
tion to this, rnuiiici}>alitic‘s interested in building scdiernes have 
put up SOUK' partial and some all-eleetrie- ho\ises (Brighton, 
I^lasgow, Hull, Woolwieli, c'te.). Further, electrieity show 
rooms belonging to (dc'etricity supply authorities are iK'Comiiig 
the rule rather than the exception. 

It is not the ])ur}K)S(‘ of this l)ook to deal to any extent 
with the ap])lioatioii of (‘k'ctricity in the Ijouse. The list of such 
a})plications quoted aixiva* gives a clt'ar idea of the extend of the field 
covered. Undoubtedly . the most im])ortant genl'ral uses to wliieh 
electricity can he put arc cooking, vaeutim cleaning and washing. 

Electric Cooking. . * 

The cdectrh; ccx)ker (Fig. l-tt) has many good pchnts, chief , 
of these being : (1) No vv a.ste beat c'scj^pes hy a flue ; (2) current 
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is turned oft (lire<jtly beat is tinislied with : (3) there is less 
dirt ; (4) beltei’ regulation of teiuperature : (5) no danger of 
firxM)r ex])iosi()i} ; ((>) meat cooked in tJie electric ov{^n does not 
shrink to the* extent that is usual when cooked in a coal or gas 
o^ en. "I'he sav ing on the butcher's biljs thus attained is usualh' 
equal to tlu* (*ost of th(‘ current eonsunu'd foi’ th(‘ (*ooking of the 
meal ; (7) all food cooIvimI has a better fiavoui* and also a better 
colour oi* bloom. ^ * 



J4 1. An rli'cti'it' ran”** iii a Farm liousc in Minnesota. 

That el(‘etric cookers ha\(‘ long |)asse(J .the expcriraejita) 
stage, is demonstrated bv tlu^ very larg(‘» inmd)er in use. One 
manufacturer claims to have made over 20,000. The wTiter, 
last year, went to somt* pains to attempt to get a census of 
electric ‘cookers now in use in this country. The situation is 
complicated by the fact tliat the life of many- of the earlier 
cookers was all too brief. ^ However, as the result of the figures 

f 
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he collated, tlie tiumber may be slifely taUcMi as well (?ver 3t),706. 
The pjlgclrical I'irnes,’' estimated tlie number as from forty- 
five to fifty-fiv'(‘ thousand, while the British Fleet rieal Develop- 
ment Association’s estimate is 74,000. An\hovv, if the smallest 
figure were lialved if should be a convincing enough proof of the 
fact that tile electric r-ookei* Iras conu^ to stay. 

J)etails hav(' rec(‘nllv come to hand of the answers to a 
questionnaii'c sent out to a numUei* of rur al custonu'i’s in Alabama, 



tig. M.'), .\ii cIcM't ncally <'r|inj>|KMl lauaclrv oa mu Ainctican farm. 

U.S.A. Thestt ]aK(M’ wci‘e unanimonsI\ of tlu* opinion that 
electric cooking on tife whole was satisfactory Ixsause thc^ tem- 
perature control was good and safety and cleanliness were more 
assured than with other tyjies of cooker*. The only disadvantage 
found tabulated,, w as a ])oint brought up on two r’cpli^s to the 
elfect that in Winter, th(' electric cookei* did not raise the tern-, 
perature of the air in th(‘ kit^-hen aj all, as djd other cookers. 


electro-farmInq 


'Alia is, of ^urse, a natural disadvantage of an efficient cooker 
designed to keej) a room cool in summer. ^ 

Electric Washing Machines. 

On the Continent these are in much more general use than 
in this country, largely because it is pc^sible to obtain an efficient 
electrically driven mjichine for about £10 to £18. Numerically, 
])robably America leads the way. In the first three months 
of 1925, 197,704 washiug machines were j)ur(ihased in the States, 
and of these 100,353 were electrically driven. Many a farmer 
has been induced to install an electric motor in his barns because 



1-iG. - Opt'rntinu; a typii'al Fixmh’Ii ^^as!.in^ niachiiu'. 

his wife wanted a washing machine. The work of a farmer's 
wife is lioavv (Miough as it is, henct' the acc|uisitioii of a washing 
machine is a more than welcome innovation. The steam and 
heavy labour of the ordinary washing dav\.is eliminated. After 
all, why rul) and scrub w hen a machine will do it for a few' pence 
per da\^ i (I'^ig^^- i45 and 14(i). 

Electric Refrigeration. 

Electric* refrigeration would a])pear to have a future in the 
farmhouse. With the veto on pi;eservativc"s which the law has 
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laid down, it is certain that som^ tyj)e of refrigerali<!fn is quickly 
becoming a necessity in all households. Most of tlie makes 
of electrically o])eratcd refrigerators — from the domestic main- 
tenance point of view — have rather too many joints in their 
construction. Howe\er. ^[me tyj)e has the compressor her- 
metically soldered up inside it. hence foj- a period of over ten 
years it needs no attention, except to lubricate two external 
bearings. Another make has^its AX\ motor armature and 
compressor sealed up. Htill another is an entirely welded 
structure without any moving nKchanical parts. Certain of 
the machines are providtd with fan cooled conijaessors, hence 
the nuisance and cost of a cold water snj)ply is eliminated. A 
defect in the case of those refrigerators which liave a part in- 
volving in a brine solution is the frothing of the latter. The 
trouble is, however, mitigated in some designs. 

An enterprising London builder has jni^t cyontracted for 
*1,200 refrigerators for new houses that lu^ is building south of 
the Thames. Over 10,000 Aiperican made elec tric refrigerators 
were sold in Kngland last >'ear, while the works programme 
for a British factory for 1027 was 15,000. At the same time it 
is anticipated that a very much larger number than this of 
foreign make will be imported during the coming year. Cold 
ccmifort thus takers unto itself a new meaning, when electrics 
refrigeration is under consideration, for city or country-side, for 
in addition tft the assurance of the hygiene of the household, 
many little luxuries will be rendered available such as cooled 
wines, cubelets of ice for drinks, icte-crcarns, parfaits, mousses, 
frozen dessc^rt dishc's and so on — all due tcj the availability of an 
electricity supply. On the farm, it will j)robably be utilised in 
conjunction with the dairy, as it will keep eggs, butter, milk, 
fruit, vegetables, etc., beautifully fresh and sweet. The ideal 
temperature ivqniw'd is about 40 deg, Fahr. (4.5 deg. (^ent.). 
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53, 0«, «7 

00, 215 


211.214 
31, 343 
05, 159, 175 
54, 195, 203 
67, 324 
25, 33, 93 


237 
I, 72 
281 
142 
20 
21 
51 
334 
0, 3K 
S9 

231-233 
231 
233 
227 
294 
234, 235 
153 
214, .334 
60, 67 
101 


54, 187, 188 
53 

198, 200 
0, 191, 192 
342 
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6HI.I6 

FiriH»ifiaU**onsidoratio?i.‘< 

202 


“ l^\)rK.sblad " |i1oii;j:1i . . . . 152, 

155, 172 

I^'osUm* luotliors, olociru* 

21, 288 

<k). 

-- ciinvfd <*onsmiij)t loll 

200 

fi21.H(44)K 

KrviiH'o, fdoctro-fanniiijj; in 

88, 181 

631.312.:$ 

“ Kratolj^ " plooLfh 

161 

631.143 

Fruit farininu: 

23 

621.328.4 

Fu.so.s 

126 

• 

621.31 1 

( J.'iu'ral mj 4 p1a«it.s . . . . ... 

38 

62I.:^(4:$)K 

( }i‘rnvt\n> , olorti t) fai-imnjj[ in .. 87, 

181, 107 

631.304,6 

(Irah forks 

200 

621.221 

( davit y wli(‘(‘Is 

* 30 

631.644.41: 

( i i‘,‘(*nlionsos, <‘l(M*trH‘all\' lioatod , . 

254 

631.361.5 

(Ji nuling nulls . . . . , . .1 

.3, 66, 67 

636.203.3 

(Ji’oornors . . . . . . . . 66. 67. 

3 1 .5, 334 

• 

621.328.0 

Hanil lainp.s 

128 

631.364 

Handhnjj; ciij^is . . 

200 

631.:153 

Harvest injjc •nai-hnuM V *. . 

67, 2f>7 

631.. 353 : 631., 361 

<'ond>inc‘d with thn'shi'i- • . . 

207 

•.31.. 35.3. I<: 

<*lorl,riral opcM’.ition of 

205 

(i,3 1.373 

1 lauIaj.(o 

28, 20 

(i.3l..3.'»3.1 ^ 

do. • 

) layniakuiLT iHiout suMsIntK' •• 

(•out muons <*on\ «'s cr 

piOCI'SS 

ti7. 185 

202 

tlo. 

(•uniujj ))ro(*ess 

180 108 

dp. 

- - rost of . . 

104 

do. 

drviiiii in a x'dlucle . , 

20.3 

do. • 

fixed fail installation 

108 

do. 

hot air proet',s.s . . 

201 

do. 

portable fan i nst all at ion 

108 

do. 

rcrtMit e\ 1 >f*ri tiK'i) t s . . 

186 

63(;.,‘i03.37l’: # 

1 loo\ <‘rs, ol<M-t I n* 

288 

do. 

riirront r'nisninpt ion 

200 

63 1 .588. 1 

1 linmmat ion of plants, int ('iisiN o * 

244 

do. 

offoct on flowers 

252 

do. 

effei't on se(‘dhn,i;s 

254 

621.232 

linpnlHe wImmOs . . 

.30, 40 

0.36., 502.47 1.K 

1 ncubat ors oliM-t 1 le .. . 20, 21, 

, '.Mi, 282 

do. 

eiirn'iit eouHUmjit ion 

288 

do. 

elec t ric* Ian 1 \ p«‘ 

281 

621.4.3 

• InU'rnal c'ombnstion cinginc's 

46 

631.7 

1 1 ‘rijj^if ion . . . . . . . . 2,*h 80, 

05, 26tl 

621., 3(45)1' 

Italy, eks f rodarming in . .♦ 20. 

80, 181 

621. ,3(52) K 

.biftan, (‘Ic'etro-faniuug in 

, 6, 05 

621.328.0 • 

Lampholders 

127 

621.327 

Lumn.s . . • . . ... . . „ . . 

127 
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• 

I^age. 

(VJ1..S2 

Li^^ht-iiiK, oltM'tric , 

:V2, 33 

ey2\.:\2\ 

duiry and byro . . • . 

313 

r)3G.r>(>;j.o 

- - poultry lioUHC's . . ^. . 

21)4 

do. 

<'S.'4«‘iit ial fju'tors 

208 

do. 

- - - - iiu'Uiods of <liin- 



niinjj: lijL^lits . . 

305 

do. 

number of lani])s 

290 

(V2\A\4 V 

Liquid nmiiurt* puinyjs *. . 

53, 274 

6:n.l45 

Livestock farm 

23 

62l.:}0().l 

Load factor . . . . .• 

20, 224 

G:H. 588.1 

Lodge elect ro^'ulturc apparatus . . 

231 


(531.333 

Mauurmg plants . . 

271 

031. 142 

Market gai-dtms 

23 

031.312.3 

“ McDowall ” plough 

155, 172, 182 

637.135.32 

Milk bottle capping machines . . 

320, 333, 334 

637.232.3 

cleaners 

. 333, 334 

637.135.31 

tillci’s 

. 320, 334 

637.232.14 

Milk centrifuge 

328, 337 

637.232.13 

/'laririers . 

. 327, 337 

637.125 

Milking inachnu’s . . 67, 88, 0.") 

100, 316, 334 

do, • 

- cost of . . 

31‘^ 

037.132.3 

Milk stci 1 liters . . 

328 

631.145: 621.300.1 

Mixi'ti farm load fa<*1or 

21 

632.04 

Mot h t ra]»s * , 

• 23, 256 

621.328.7 

Multipk* wav switching 

30 -32 


621.3(402)F 

Netherlands, elect ro-farmiag in 

41,92 

621.3(031 )F 

NTew' Zealand, (*lcct ro-farming in 

100,317 


631.373.1 

Ovcrhcail runways .. . % . 

215 

621.310.22 

Ov'crhcad transmission . . 

73, 82, 1 12 

do. 

— cost of 

77 

do. 

- - methods of r<‘ducmg costs . . 

82 

621.310.22 : 336 

• State assistance 

72 

62 1 .232 

Fi'lton w’hccls 

30, 40 

632.0 

Tests, liestructjoii ot 

255 

631.312.3 

Tloughing, (deetric 27 20, 30, 87, 88, 

00, 02, 130 

do. 

— — advantages of . , 

180 

do. 

— — cost of 

175 170 

631.312 

tac'tors affecting 

134 

do. 

— objects of . . . . , , , 

132 

do. 

- - ] lower rcquirt'd . 

134 

do. 

, - spiM'd of . . . 

138 

631.312.3 

Tloughs, electric equipment 

66, 67, 149 

do. 

- - — “ Klectrotank 

153 

do. 

. . Lst radi* ” 

161 

do. • 

“ Forssblad " 

155, 172 

do. 

- - - - “ Pratelh ” ”... . . 

161 

do. 

_ — haulages 

157 

do. 

— - — « “ McDowall 

155, 172 
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631.312,3 

Plough.s So<-ioto 


• 

Coiicrtilt^ Agri<'ol«? 

156 

fio. 

tractors using an I'x- 



toriuil s\i|>ply 

152 

<lo. 

• - tral'tors with a<‘cuniu- 



^ lators 

151, 16S 

do. 

transport of . . 

167 

631.312 

- - - Vtpeod of 

138 

do. 

types of 

133 

do. • 

variation.s of pull on 

165 

321) : 621. 3F 

Folitical parties and cl<‘ctro-tarming . . 

(> 

631.522 

Pollination 

254 

621. 313. F 

Portable niotor.s 

55 

636.5 

Poultry 

• 276 

636.501.3 

Poultry farm 

21 

636.501.3: 6)21.300.1 

loa<l tact or . . 

21-23 

636.503.6 

Poultry hou.so lighting 

264 

do. 

essential lacior.-> 

29« 

do. 

- methods of thinnnng 



lights 

305 

do. 

- number of lainjis 

266 

621.37 

Power (‘onsiyniition i. . . . 25, 27, 

26, 67, 63 

621. 317. 4 

Pow'cr factor control . . . • . . 

65 

tkll.312F 

P(>w’(‘r station and agricultural load 

20 

631. 563 F 

Pulping of greiMi (‘ro})s . . 

204 

631.65 

Pumping watpi* . . 24, 53, 62, 6.' 

>. 266, 275 

do. • 

power n'quired 

275, 276 

do. 

Pumps 

53. 334 


621.242 

Reaction turbine 

39 

631.31 2F 

Reduction of draiigJit in ])lougbing . . 

* 140 

621.328.6 

Reflectors 

127 

637.132.1 

Refrigerators, dairy 

320, 334 

643.37 

— domestic 

346 

621.316.22 i 

Ring mains 

85, 122 

631.362.4 

Root cuttt^rs . . . . i 

“>3, (it), (i7 

031.312.6 

Rotary tillers . . . . . 133, 

156, 173 

do. 

capacity 

174 

630. 1 

Rural iiKiuslrics . . • 

1 10 

630.1(40) 

— Continental 

1 13 

630.1 : 636.513.1 

day-old chick product lun . . 

118 

630.1 : 631.556.1 

drying of fruits and v(*ge- 



tables 

118 

630.1 674 

- — - hurdle making 

116 

630.1 677 

Iri.sb lac<* 

116 

630.1 676 

, ^ _ pottery 

J 15 

630.1 682 

^ w’hc'ehvright 

1 17 

630.1 621.381 

— wnri'less . . . ^ 

116 

621.319F 

Rural load 

24-33 

621.3(47)F 

Russia, electro- farm mg in 

90, 181 

621.93 . 

Saws . . 

53. 66 

631.688.13 

Seed treatment 

242 

637.232.1 

Separators • 67, 

324, 334 


% 
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020(415) 

Shannon scheme . ^ 


no 

030.303.3 

Sheep shearing . . . . . . • 

§ 

54 

038.2 

Silk culture 


05 

03I.303K 

Silos, electric 


222 

(lo. 

current consumption 


224 

031.363: 021.300.1 

- load factor . . 


224 

021.310.131 

Single phase distribtition 


78 

031.312.3 

“ Societo (lencrale Agrrcole ” plough . 


150 

031.43 

Soil coIloid.s 


140 

031.544.,3K 

heating . . . . 


25.5 

031.43 

— rcisistaniit^ . . 


130 

037.132.3 

Sterilizers 


328 

021,354 

. Storage* batteries . . 38, 4<1, 

44, 151, 

170 

do. • 

capacity 


47 

do. 

— control 


47 

<>31.312.0 

Subsoilers 

1.38, 

101 

021.3(485)K 

Sw<*dc‘n, electro -farming in 33, 

01, 210, 

317 

04>l.328.7 

Switches 


124 

do. 

- - - automatic . . 


128 

021.3(404)K 

Switzerland, ('lcM*t ro-farmmg in 


04 


021. . ‘Mil. II 

021.. ‘11 0.2 1 1 
02l.:i7l 
02l.:i{040)K 
02i.:ti0J2:i 
o;iJ.:ioiio 

<i<). 

<io. 

031.361 : 03 1.371. OK 

021,328.7 

021,314.4 

021,314.3 

031. 304. 71 

021,31.3.1 

<■•31 31 I.,") 

021 242 


hi^h teiusioii linr^s 
- low ton.sion liiu's . . 

‘ranITs 

Ta-sinania, (‘l(M‘tj^o-lannin^ in 
33ir<‘(' pha.so (list I'ibnl ion 
33in'hliing, cl(M*tri<* . . 30, 

cost of 

— . potrol electric 

3^inie 8wit<*heH 
"rraiisforiner <*Hbins, portable 82 
'rransforTiM'rs 
"PraiiHportcrs 

for motors . , 

'rrcncli <li^j;cr.s 
'rurbmes, iH'at ijoii 


143, 

32, 


53, 07, 01, 03, 


251, 302, 
84, 142, 14.3, 
76, 80, 81 
.54, 07, 210, 


142 
1471 
07 
lOi 
78 
210 
220 
210 
220 
300 
145 
. 83 
337 
01 
78 
30 


015.84 038 

015.84 030,2 

015.84 037.1 

015.84 <131.52 

015.84 <>30.5 

021.3(7;i)K 


ritra vK>h‘t ray treatment of bees .. 340 

<-attle . . 314 

milk . . 320 

^ilarwts . . 251 

- - ]Kailtr\' . . 200 

I'liitcd States of Aiin'rica, cdc'ctro- 

iarrnmjj: in . . . . 7, 08 


021.371.3 X’oltage 


30 


021.328.9* 
048,23 
' 007.4 
621.371.3 


Wall plujxs . . . . . . 120 

W'aRhing ma<*hines, t*l<'ctri<* ■ 340 

^^'ali'r heating . . . . . . . . • 31 

]Kmer # . . . . 3<K 33, 30~41. 02, 122 
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Wator roqyirod in villujzc’s 

276 

do. 

oil farms 

276 

(121.2) 

Water wlieoLs 

39 

631.78 

Watering jdants 

271 

621.319.222.1 

Wayleaves 

73 

f>2i.4r) 

Windmills 

41, 94, 270 

621.384 

Wireless * 

116 

621.328.2: 631.2 

Wiring farm buildings 


do. 

external 

122 

do. 

^ - mternal 

123 

621.328 : 6:t6..')()3.l 

- jioultry hq^ises 

307 

621..688.13 

Wolfryn process 

243 



